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GROUND WATER IN PERMAFROST REGIONS—
AN ANNOTATED BIBLIOGRAPHY

By Joax R. Winniams

ABSTRACT

This annotated bibliography of the literature on the occurrence of ground
water in permafrost regions and the principles relating thereto covers the North
American, Scandinavian, and Russian material published through 1960. Of the
862 articles listed, annotations are available for 715. A glossary of 317 terms
used in the literature is given as an aid to the reader. A brief historical sum-
mary of permafrost investigations in the United States and of current trends in
research in the Soviet Union and Canada is provided as background.

INTRODUCTION

Permafrost, or perennially frozen ground, underlies one-fifth to
one-quarter of the earth’s land surface in the subpolar and polar
regions and in mountainous parts of the temperate region (pl. 1).
It occupies 85 percent of Alaska, 40-50 percent of Canada (John-
ston, 1930; Jenness, 1949; Brown, R. J. E., 1960), 47 percent of the
Soviet Union (Sumgin, 1933b), large segments of adjacent North
China and Mongolia, the Arctic archipelagoes, and all but the southern
tip of Greenland. Scattered permafrost is known in Iceland and
Scandinavia (Troll, 1944), in the high mountains of central Asia
along the southern border of the U.S.S.R., in the North American
Cordillera, and in the Alps of Europe. In the southern hemisphere
permafrost occurs in ice-free sections of Antarctica (Avsiuk, Markov,
and Shumskii, 1956 ; Ball and Nichols, 1960; Grigoriev, N. F., 1960)
and at high elevations in the Chilean Andes of South America
(Lliboutry, 1957).

With acceleration of development and population of the permafrost
regions in the last 30 years, a gradual change has taken place from the
primitive hunting-trapping-fishing-mining economy to greater urban-
ization and increased development of industry and mining. Not only
has knowledge of permafrost conditions been required for the new
construction undertaken during this period, but also it has proved
vital in providing the many new settlements and industries with
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2 GROUND WATER IN PERMAFROST REGIONS

reliable year-round supplies of water. Use of ground water has
increased because of freedom from problems of silting, freezing of
intakes, long distribution lines from points of intake to points of use,
and extreme variations in quantity that characterize streams in the
permafrost region. As compared to surface water, which is at 32°F
in winter, ground water a few degrees above the freezing point retards
freezing of distribution lines and services.

PURPOSE AND SCOPE

The purpose of this bibliography is to assemble the pertinent liter-
ature on present knowledge of the occurrence of ground water in
permafrost regions and on the principles based on this knowledge.
As a prerequisite to any further research on the principles of the oc-
currence of ground water in permafrost regions, an extensive study
of the literature was recommended by Cederstrom, Johnston, and
Subitsky (1953), who conducted an earlier study of this subject.
The literature in this bibliography was chosen also to provide a re-
search tool for an investigation of the relation of ground water to
permafrost in Alaska. The content of the bibliography, therefore,
is more extensive for Alaska than for the rest of the permafrost re-
gions. As many references as possible are included for other coun-
tries, but because of difficulties in obtaining some works in translation,
the available literature of these nations is far less comprehensive
than that of Alaska. The bibliography includes only works pub-
lished through December 31, 1960.

A brief historical résumé of ground-water and permafrost studies
in the United States and abroad is given to provide background in-
formation. A bibliographic list of source material used for this
report and additional source material are provided for those interested
in further study of this subject. A glossary of terms relating to per-
mafrost and ground water is included together with references to
sources of the definitions.

The annotated bibliography presents the literature in alphabetical
order by author surname, and the works of each author in chronologi-
cal order. Two or more works of an author published in the same
year are listed alphabetically, with the letters a, b, ¢, etc., appended
to the year. Credit for the annotation is shown at the end, with
author, date, and page, or with the Snow, Ice, and Permafrost Re-
search Establishment (SIPRE) Bibliography number, or the Arctic
Bibliography * number for annotations that are direct quotations. Au-
thors’ abstracts are used for many annotations. Where the annota-
tions used in other bibliographies or publications have been condensed

1 Prepared for and published by the Dept. of Defense under the direction of the Arctic
Institute of North America.



HISTORY OF PERMAFROST INVESTIGATIONS 3

or altered by the compiler, the word “From” precedes the credit line.
Annotations that bear no credit line were prepared by the compiler
from original material. The compiler assumes responsibility for cor-
rect quotation of the work of others.

The Russian references are taken, for the most part, from the lists
and annotations in the Snow, Ice, and Permafrost Research Estab-
lishment (SIPRE) Bibliography and from the Arctic Bibliography.
Both these publications use the style of transliteration of the Library
of Congress. The diacritical marks have been omitted from the Rus-
sian material in this bibliography.

Certain publications that were not available for examination, or
that are similar to those annotated elsewhere, are listed by title only.
Because of the special purpose of this bibliography, only the sections
of the various works listed that relate to permafrost and ground water
are summarized in the annotations.

The stratigraphic nomenclature used in discussions is that of the
various authors and is not necessarily that in use by the U.S. Geo-
logical Survey.

HISTORY OF PERMAFROST INVESTIGATIONS
SOVIET UNION

Permafrost investigations in the Soviet Union, summarized by
Sumgin and others (1940), were largely centered in the present area
of the Soviet Union and in Spitzbergen, Novaia Zemliia, New
Siberian Islands, and other islands lying just north of the Eurasian
continent. The early inhabitants of this region were doubtless famil-
iar with the existence of permafrost, from experiences in their daily
lives, but little information reached centers of learning until the 17th
century, when reports of permafrost on Novaia Zemliia and the
north coast of Siberia and of frozen carcasses of mammoths were
published (Sumgin and others, 1940). The meager information
available in the 17th and early 18th centuries was slow in reaching
centers of learning and was insufficient to dispel the doubts of the
scientific world as to the existence of permafrost.

The second half of the 18th century and the first half of the 19th
century are called by Sumgin (Sumgin and others, 1940) the period
of preliminary accumulation of facts on permafrost and of their
dissemination in the scientific world. The reports of Gmelin (Sumgin
and others, 1940), based on travels in Siberia from 1733 to 1743,
include description of an unsuccessful water well at Yakutsk, dug
in permafrost to a depth of 91 meters in 1685-86. In 1799 a frozen
mammoth carcass was discovered east of the mouth of the Lena
River and was described by Adams (Sumgin and others, 1940) in
1805. In 1757 Lomonosov attributed existence of permafrost to



4 GROUND WATER IN PERMAFROST REGIONS

severe climate (Shvetsov, 1959¢). In the early 19th century note-
worthy investigations were made by Schrenk in European Russia
and by Figurin, Matiushkin, and Vrangel’ in northern Siberia
(Sumgin and others, 1940; Shvetsov, 1959¢), but results of their
work were not sufficient to overcome distrust and disbelief in the
existence of permafrost. The skeptics argued that the high tem-
perature emanating from the earth’s supposedly molten core would
prevent formation of permafrost even in the upper layers of the
ground, and that vegetation could not grow on frozen soil.
Gel’'mersen in 1833 investigated excavations at Yakutsk. Erman
(1838) made an estimate (also reported by Von Baer, 1838) of perma-
frost thickness at Yakutsk on the basis of temperature gradient in
the upper part of the Shergin shaft, which had been under construc-
tion for some time. The Russian Academy of Science at St. Peters-
burg (Leningrad) also had heard of the excavation. A. Th. von
Middendorf was sent by the Academy to investigate the shaft at
Yakutsk, among other objectives of his 1842-46 expedition. Not
only did Von Middendorf (1848), on the basis of ground-temperature
gradient, successfully predict permafrost depth (Obruchev, V. A.,
1946), but his investigations (Von Middendorf, 1867) between the
Yenisei River and the Sea of Okhotsk extended knowledge of ground
temperature and the areal distribution of permafrost. These studies
resolved the remaining doubts as to the existence of permafrost.
The second half of the 19th century and the first quarter of the
20th, according to Sumgin (Sumgin and others, 1940), was a period
of accumulation of facts and the first attempts at generalization.
The work of Maidel, Lopatin, Koz’min, IAchevskii, Von Toll,
Bogdanov, Obruchev, Pod’iakonov, Prasolov, Filatov, Sukachev,
L’vov, Pol’, and Sumgin on permafrost in Russian territory, that of
Grigor’ev, Tolmachev, and Von Toll on ground ice, and the work of
Hégbom, Meinardus, and others in the Arctic islands contributed to
a broadening knowledge of the character and distribution of peren-
nially frozen ground. The Berezovka mammoth evoked great aca-
demic interest in permafrost (Tolmachev, 1903). Wild (1882) pro-
posed a climatic hypothesis for the formation of permafrost. A. A.
Voiekov (1889, 1895, 1904), a physicist and climatologist, contributed
the concept of thermodynamic equilibrium in a three-layer system,
consisting of the lithospere, the ground, and the atmosphere
(Shvetsov, 1958). Construction of the Trans-Siberian and Amur
Railroads in the late 19th and early 20th centuries without adequate
knowledge of permafrost conditions resulted in many structural
failures. The lessons learned in these failures were reported by
Bodganov (1912) in a textbook on engineering in permafrost regions
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(Obruchev, 1945a). By the end of this period, during the revolu-
tionary period 1905-17, came the beginnings of a planned program
of study, paralleling national effort in other fields (Sumgin and others,
1940). Knowledge accumulated to 1927 was summarized by Sumgin
(1927, rev. 1937).

The early years of the Soviet Government brought increased em-
phasis on development and political consolidation of the northern and
eastern parts of the country, and to accomplish these aims, much in-
formation was required on permafrost. Accordingly, in 1930, under
the leadership of V. I. Vernadskii and M. I. Sumgin, the Commission
for the Study of Permanently Frozen Ground (Komissii po izucheniiu
vechnoi merzloty) was established in the Academy of Sciences under
the chairmanship of V. A. Obruchev. A series of expeditionary
studies by both older scientists and younger men was made of various
parts of the permafrost zone, especially in the Far East where construc-
tion was anticipated or underway. Much laboratory work done in
connection with the railroad construction was of use in studying the
mechanics of frozen ground.

In 1936 the commission was reorganized into the Committee on
Permafrost (Komitet po vechnoi merzloty), also within the Academy
of Sciences, and still under the chairmanship of V. A. Obruchev.
The research, instead of consisting of expeditions, shifted its emphasis
to studies at field stations. Permafrost research stations were estab-
lished in areas in which considerable construction activity was
planned, and the data gathered have great practical importance toward
the fields of engineering permafrostology and the hydrogeology of
permafrost regions. The data have been used to establish instructions,
procedures, and specifications for use in construction and other fields.

Up to 1935 very little research had been conducted on permafrost
in the Soviet Arctic territory served by Glavsevmorputi (Adminis-
tration for the Northern Sea Route). In 1935, research stations were
established at Anadyr, Yakutsk, and Amderma, and the study of
permafrost was tied into hydrogeologic work at Noril’sk, at Spitz-
bergen, and at the mouths of the Ob’ and Khatanga Rivers. In 1936
similar work was planned at Nordvik and at Ugol’naia Bay. A cen-
tral laboratory was to be established in Moscow, where the results of
the permafrost and hydrogeologic and engineering work could be
studied (Ponomarev, 1936).

In 1939 the committee became the Institute for the Study of Frozen
Ground (Institut Merzlotovedenie) ; it was later renamed the V. A.
Obruchev Institute for the Study of Frozen Ground (Institut Merz-
lotovedeniia im. V. A. Obrucheva) (Obruchev, 1945a). The Insti-
tute, like its predecessors a part of the Academy of Sciences of the
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U.S.S.R,, calls conferences to be attended by other groups working on
permafrost problems. Six conferences were held up to 1941 (Obru-
chev, 1945¢). The Institute maintains laboratories at Moscow and
Leningrad for study of physicomechanical properties of permafrost,
and field research stations at Vorkuta, Igarka, Yakutsk, and Anadyr,
where permafrost is studied in its natural environment. A summary
report of knowledge through 1939 by Sumgin and others (1940), as
editor, was based on about 200 available sections; the report contains
a summary by N. L. Tolstikhin of work in hydrogeology to that date.
In 1941 Tolstikhin published a book on ground water in the frozen
zone of the lithosphere.

During the war with Germany, 194145, the entire scientific effort
was applied to problems of national defense. By 1945 a great in-
crease in knowledge over that of 1930 marked the 15th anniversary
of organized research in the field of permafrost. Phenomena such as
ground ice and icings had been explained, and knowledge of the hy-
drology of permafrost areas increased. Greater use was being made
of subpermafrost ground water as sources of supply.

In the period between 1945 and 1955, progress was made in under-
standing the following fundamental principles (Shvetsov, 1958):
(1) mechanics of frozen ground and melting grounds, (2) construc-
tion of stable structures on frozen ground and maintenance of their
frozen condition during operation of the structures, (8) construction
of stable structures on ground that melts during construction, (4)
construction of stable structures on ground that is previously melted
and compacted, especially along the southern boundary of the perma-
frost zone, (5) electrometric determination of the elements that make
up the layers of frozen bedrock, (6) search and prospecting for ground
water in the permafrost zone, (7) determination of the location and
depth of utility (gas) mains, (8) modern glaciology, (9) classifi-
cation of the permafrost zone into regions for structural engineering
purposes and geocryolitic mapping of the region of propagation of
frozen bedrock, and (10) classification of the permafrost area into
hydrogeologic regions. In addition, modern concepts have been
formulated on the position and dynamics of the southern permafrost
boundary, on the origin of the extensive deposits of ground ice, and
on the occurrence and significance of geochemical processes in frozen
bedrock. The fundamentals of heat exchange between lithosphere,
soil, and atmosphere are being investigated.

Although there are permafrost research stations in Vorkuta (North-
ern Division), Igarka, Aldan, Yakutsk (Northern Division), Anadyr,
and Zagerskii (Moscow), Shvetsov (1958) urged that new stations be
established in the Viliuy region, in the Chitinskaia Oblast, and at
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Noril’sk. In addition, Shvetsov urged that the weakly developed
geocryological sections of the West Siberian, East Siberian, and Far
Eastern Branches of the Academy of Sciences be strengthened. Pres-
niakov and Tkachuk (1957) state that there is an almost complete lack
of information on hydrogeologic conditions in the permafrost areas
of eastern Siberia. This deficiency should be remedied by resuming
the work of the permafrost and hydrogeological stations of the
Academy of Sciences. Research stations are operated at Magadan
and Noril’sk by the Academy of Construction and Architecture of
the Ministry of Transport Construction (Shvetsov, 1958), and at
Moscow State University there is a chair of frozen-ground science in
the geologic faculty.

According to Shvetsov (1958), the U.S.S.R. has no more than 200
qualified geocryologists. Apparently there is dissatisfaction with the
small number available and the poor prospects for increasing it.

Because of the widespread interest in permafrost among Govern-
ment organizations, it became desirable in 1958 to establish the inter-
departmental Coordinating Commission for Permafrost Studies
(Koordinatsionnaia Komissiia po Merzlotovedeniiu) as a part of the
V. A. Obruchev Institute for Permafrost Studies of the Academy
of Sciences (Akad. Nauk SSSR, 1958). The first annual meeting was
held in March 1957 ; the following persons constitute the group to act
between meetings: P. F. Shvetsov, Director of the Obruchev Institute
of Permafrost Studies (chairman); I. F. Nasedkin, Deputy Director
of the All-Union Institute of Transport Construction; M. V. Kim,
Head, Research Section, Noril’sk Mining and Metallurgical Combine;
A. L. Kalabin, Head, Permafrost Section, 1st Research Institute of
Dal’stroy; V. A. Kudriavtsev, Head of the Department of Perma-
frost at Moscow State University; two unnamed members; and A. M.
Chekotillo, Obruchev Institute of Permafrost Studies, as secretary.
In addition to the organizations represented, the following are con-
cerned with permafrost studies: Vorkuta Coal Combine (Vorkutau-
gol), Research Institute for Foundations and Subterranean Construc-
tions of the Academy of Construction and Architecture of the U.S.S.R.
(Nauchno-issledovatel’skii Institut Osnovanii i Podzemnykh So-
oruzhenii Akademii Stroitel’stva i Arkhitektury SSSR), the West
Siberian and Far Eastern Branches of the Academy of Sciences of
the U.S.S.R. (Akademiia Nauk SSSR), and the Gidroproiekt, and
institutions of unknown responsibilities active in northwestern Siberia.

According to Shvetsov (1958, in translation)—
the most important trends in the development of geocryology will henceforth
be general eryological and engineering-cryological, with considerable reinforce-

ment of the experimental-physical natures for the investigation in natural and
manufacturing set-ups (artificial set-ups) and physical-mathematical analysis,
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as well as the development of methods for calculation of the observed processes
and phenomena. To solve the foregoing and other important problems in geo-
cryology, the Institute of Frozen-Ground Science must concentrate its effort
on investigation of the principal laws of the development of zones of frozen
grounds and mountain rocks (bedrock), the change in composition, structure,
and physical-mechanical properties of freezing, frozen, and thawing grounds.
Particular problems, the solution of which interests the design and investiga-
tion organizations of narrow specialties (railroads, mining, hydrotechnical,
sanitary-engineering, airport, etc.), can be solved successfully by engineering
geocryological divisions, laboratories, and stations of the scientific research
institutions of the ministries, of the Academy of Construction and Architecture,
of the sovnarkhozes and of other organizations.

The results of recently accumulated knowledge have been summa-

rized by Tsytovich (1958) and Shvetsov (1959).
UNITED STATES AND CANADA

The first record of permafrost in North America was made by Mar-
tin Frobisher in 1577, in his second voyage in search of the Northwest
Passage (Ray, L. L., 1952). Subsequent accounts of permafrost are
few until the discovery by Von Kotzebue (1821) of the ice exposed in
the bluffs bordering Eschscholtz Bay of Kotzebue Sound in western
Alaska. The origin of the ice in these exposures was debated by
Beechey (1831), Richardson (1854), Hooper (1881, 1884), Dall
(1881), Maddren (1907), Quackenbush (1909), and others. In Can-
ada, Sir John Richardson (1841) reported the results of investigations
made in 1825-26, and of responses to inquiries made of the factors
(agents) of the Hudson’s Bay Co. at several posts in the Canadian
north beginning in 1835. This report was the first study of areal dis-
tribution of permafrost in North America. H.M.S. Herald during
1845-51 touched at several points in northern Canada where Richard-
son (1854) was able to observe permafrost. Other contributions to
knowledge were made by Lefroy (1886), by explorers, and by the early
military expeditions up to 1890.

In the 1890’s increasing effort was expended in exploring Alaska
and northwestern Canada, and after discovery of gold in the Circle
district of Alaska in 1893, and in the Klondike, Yukon Territory,
Canada, in 1898, many additional surveys were undertaken by mili-
tary and civilan Government agencies in both countries. Most of the
exploration, however, was done by prospectors who roamed nearly
every area of northwestern Canada and Alaska, sinking shafts to bed-
rock in search of gold; unfortunately, the geologic information ob-
tained from these shafts was not recorded, and is now lost. Many
of the shafts were noted, however, by geologists and engineers work-
ing in Alaska and northern Canada during the period of greatest
prospecting activity, between 1890 and 1920, principally in the reports
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of Cairnes, Cockfield, McConnell, Ogilvie, Tyrrell, and Dawson in
Canada; and of Maddren, Mertie, Harrington, P. S. Smith, Brooks,
Knopf, Mendenhall, Eakin, Prindle, Hess, Katz, and Moffit in Alaska.

E. deK. Leffingwell in 1906 began a 9-year study of the Canning
River region in northeastern Alaska along the Arctic Ocean; the
results of this study were the first systematic description of frozen
ground and ground ice (Leffingwell, 1915, 1919) produced in Alaska.
On the basis of years of travel in the arctic regions of Canada and
Alaska, Stefansson (1910) reported on ground ice.

Between 1910 and 1925, much of the literature in the mining-engi-
neering field concerned placer mining in frozen gravel and develop-
ment of economical means of thawing the muck and gravel overburden.
This work led to the development, by 1922, of cold-water thawing as
a method of preparing for exploitation deep placer ground that prev-
iously was uneconomical to work.

In Canada the construction of the Hudson Bay Railroad and the
discovery of oil on the Mackenzie River near Norman Wells provided
additional data on frozen ground in that country. O’Neil (1924)
observed frozen ground during a reconnaissance of the Arctic coast
west of the Kent Peninsula, 1913-18.

In Alaska in 1985, Taber (1943b) worked in Fairbanks and Nome
and other areas to test theories of ice segregation during the freezing
process (Taber, 1916, 1918a, b, 1926, 1930a, b, 1939). Eardley (1938a,
b) noted the frozen condition of unconsolidated deposits along the
lower Yukon River. Shortly before World War II, P. S. Smith
(1939) summarized the available information on permafrost in Alaska.
Maps of permafrost distribution in North America were prepared
by Nikiforoff (1928), by P. S. Smith (1939), by the Russian, Bratsev
(1940), and by Taber (1943b). Up to World War II, no ground-
water studies had been undertaken, but many references to “live water”
in prospect shafts and to flooding of shafts by ground water had been
published. (See especially Tyrrell, 1904.)

During World War II, the threat posed by Japanese invasion of
the Aleutian Islands awakened interest in Alaska and northern Can-
ada as bases for military operations. Many airfields were constructed
in 1940 to 1942 along the present route of the Alaska Highway, built
in 1942 and 1948. Oil pipelines of the Canol Project were laid from
Norman Wells to Whitehorse and along the Highway to Fairbanks.
Much of this construction was under strict deadline, and some of it
failed because of settling of the ground due to thaw of ground ice,
or because the ground-water regime was disturbed and icings were
formed on roads. The failures, perhaps like those that occurred dur-
ing construction of the Trans-Siberian Railroad at the turn of the cen-
tury, served to focus attention on the problem of permafrost.
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To prevent recurrence of these failures and to achieve a better under-
standing of permafrost, a compilation of the results of Russian work
on permafrost was made by the U.S. Geological Survey in cooperation
with the Office of the Chief of Engineers, U.S. Army (Muller, 1945).
The Corps of Engineers, through its St. Paul District, later its Arctic
Construction and Frost Effects Laboratory, started field studies at an
experiment station near Fairbanks, at Northway airfield, and at other
places, initiated investigations on the suitability of aerial photographs
as a means of identifying permafrost, and began a series of laboratory
studies on frozen soils. The U.S. Geological Survey began a program
of investigation of permafrost areas in Alaska in cooperation with the
Corps of Engineers. The Office of Naval Research, U.S. Navy, sup-
ported an investigation of ground ice in the Point Barrow area by R.
F. Black, of the Geological Survey. The Corps of Engineers created
the Snow, Ice, and Permafrost Research Establishment to coordinate
the Department of Defense research on permafrost in Alaska with
that being done elsewhere; in 1961 the responsibility for this work was
shifted to the U.S. Army Cold Regions Research and Engineering
Laboratory (CRREL). Review articles covering knowledge accumu-
lated through the late forties were prepared by Jenness (1949) and
Black (1950, 1954).

The investigations by the Geological Survey and by the Cold Re-
gions Research and Engineering Laboratory are being conducted in the
field in Alaska and in laboratories and research stations in Alaska
and the conterminous United States. A program of basic permafrost
research by Lachenbruch and Brewer is based on thermometry
in test wells in Naval Petroleum Reserve No. 4 and elsewhere; this
work is supported by various agencies. The Arctic Research Labora-
tory of the University of Alaska and the Arctic Institute of North
America conduct research in various aspects of permafrost.

Research on permafrost in Canada is currently being undertaken by
the Defense Research Board; McGill University; Geological Survey
of Canada and Geographical Branch, both part of the Department of
Mines and Technical Surveys; Northern Building Section, division of
Building Research, National Research Council; Institute for Northern
Studies of the University of Saskatchewan; Department of Trans-
port; Arctic Institute of North America; Department of Public
Works; and individual scientists and private companies. These or-
ganizations are represented on a subcommittee of the National
Research Council (R. J. E. Brown, written commun., July 6, 1962).
Research by Division of Building Research includes studies of thick-
ness and areal distribution of permafrost, its moisture and ice content,
and its effect on construction of buildings in the north. These studies
were made in connection with the relocation of the Mackenzie Valley
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town of Aklavik to a new site at Inuvik, at the Northern Research
Station at Norman Wells, Northwest territories, opened in 1952, at
Kelsey, Manitoba, at Fort Simpson, at Whitehorse, and at other sites.
Thermal measurements, experimental drilling, and geophysical ex-
plorations have been carried on as part of the research program of
Division of Building Research at several localities within the perma-
frost region. Permafrost in the Schefferville iron mines, Quebec
(Ives, 1960), is under study by McGill University. The Geological
Survey of Canada is studying permafrost in Quaternary deposits and
the occurrence of ground water in permafrost regions (Brandon, 1960).
Other aspects of the problem now under study are paleobotanical stud-
ies, construction techniques for roads and airfields, muskegs and their
relation to permafrost, physical properties of frozen soils, patterned
ground, geomorphology in permafrost areas, and climatological
studies.

Since the close of World War II, ground-water investigations have
been started in Alaska and northwestern Canada. In Canada, Bran-
don (1960) has made a systematic well inventory and evaluation of
ground-water resources of the settlements in the District of Mackenzie,
Northwest Territories, and is currently engaged in a similar study of
Yukon Territory. In Alaska the ground-water investigations in the
permafrost region were begun in 1947 (Cederstrom and Péwé, 1948)
with a well inventory at Fairbanks, followed by pumping tests and
drilling in 1948 and 1949 * and by experimentation with jet drilling
techniques in 1954.> In 1949 and 1950 a test well was drilled at Kotze-
bue (Cederstrom, 1955). An inventory of well data and evaluation
of the ground-water resources at the principal settlements of Alaska
as of 1950 was made by Cederstrom (1952).

The first studies specifically directed to determining the relation-
ship between ground water and permafrost in Alaska were undertaken
in 1952 by the Geological Survey at the request of, and with funds
made available by, the Engineer Research and Development Labora-
tory, Corps of Engineers, U.S. Army, Fort Belvoir, Va. The field
investigations included well inventories in the accessible settlements
along the major highways, by Mundorff and Johnston of the Ground
Water Branch, Water Resources Division, Geological Survey, a litera-
ture survey, experimental geophysical work, and office research. The
major reports describe the occurrence of ground water and drilling
techniques used in permafrost regions (with bibliography) (Ceder-
strom, Johnston, and Subitsky, 1953), and the application of techniques

2 Cederstrom, D. J., 1963, Ground-water resources of hte Fairbanks area, Alaska: U.S.
Geol. Survey Water-Supply Paper 1590.

8 Cederstrom, D. J., and Tibbitts, G. C.,, Jr.,, 1961, Jet drilling in the Fairbanks area,
Alaska : U.S. Geol. Survey Water-Supply Paper 1539-B, 28 p.
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of aerial-photograph interpretation to the problems of ground water
in permafrost regions (Hopkins, Karlstrom, and others, 1955).
Following this special project, the Ground Water Branch of the
Geological Survey has carried on investigations in parts of western
and northwestern Alaska where water supplies were needed for local
communities and for military bases and other governmental purposes
(Trainer, 1953b; Waller, 1957a, b, ¢; 1958; 1959a, b; 1960a, b).

SOURCES OF INFORMATION

The following reports and bibliographic works contain source
material on the occurrence of ground water in permafrost regions
and on permafrost. Of these 47 reports, 35 provided the references
cited in this annotated bibliography; the other 12 reports, marked
with an asterisk in the list below, were not available for compilation
of this report.

Akademiia Nauk SSSR, Institut Geografii, 1956, Bibliography concerning peri-
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American Geophysical Union, 1952, Annotated bibliography on hydrology, 1941-50
(United States and Canada) : Compiled under auspices of Subcommittee on
Hydrology, Federal Inter-Agency River Basin Committee, by American
Geophysical Union, National Research Council of the National Academy of
Sciences, as their Notes on hydrologic activities, Bull. 5, 408 p.

1955, Annotated bibliography on hydrology, 1951-54, and sedimentation,
1950-54 (United States and Canada) : Compiled and edited under auspices
of Subcommittee on Hydrology and Sedimentation, Inter-Agency Committee
on Water Resources, by American Geophysical Union, National Research
Council of the National Academy of Science, 207 p.; 600 references.

Armstrong, Terence, 1948, Recent Soviet research on permanently frozen soil:
Polar Rec., v. 5, p. 217-218.

Black, R. F., 1950, Permafrost, in Trask, P. D., Applied sedimentation : New York,
John Wiley & Sons, chap. 14, p. 247-275.

1954, Permafrost—A review: Geol. Soc. America Bull, v. 65, p. 839-856;
237 references.
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Brochu, Michel, 1956, Canada: Poland, Lodzkie towarz. nauk. Biul. Pery-
glacjalny 4. p. 9-14; 88 references, including some on permafrost, in French.

Chekotillo, A. M., 1956, Permafrostology abroad to 1955 ; a review of the literature
(Merzlotovedenie za rubezhom k 1955 godu; literaturnyi obzer): Akad.
Nauk SSSR, Inst. Merzlotovedeniia, Materialy k osnovam ucheniia o
merzlykh zonakh zemnoi kory, no. 3, p. 186-229; 257 references, in Russian.

Cook, F. A., 1958, Selected bibliography on Canadian permafrost, annotations and
abstracts, 1841-1957: Canada Dept. Mines and Tech. Surveys, Geog. Br,
Bibliog. Ser. 20, 23 p. ; 102 references.

Corbel, Jean, 1956, Svalbard and Lapland (Svalbard et Laponie): Poland,
Lodzkie towarz. nauk., Biul. Peryglacjalny 4, p. 47-54; 77 references, in
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Crawford, C. B., 1952, Soil temperatures, a review of the literature: Natl. Acad.
Sei., Natl. Research Council, Highway Research Board Spec. Rept. 2 (Frost
action in soils, a symposium), p. 17-41; 77 references.

#Edelshtein, IA. S., ed., 1938, Geologic publications of the Academy of Sciences
(Geologiia v izdanniakh Akademiia Nauk) : Akad. Nauk SSSR, v. 1, 1728-
1928, 471 p., 15 pls. [Russian.]

¥*1941, Geologic publications of the Academy of Sciences (Geologii v izdan-
niakh Akademiia Nauk): Akad. Nauk SSSR, v. 2, 1929-37, 656 p., 12 pls.
[Russian.]

Elges, Carl, 1940, Addendum to report of Committee on Snow, 1939-1940—list
of current publications on snow and ice: Am. Geophys. Union Trans, v. 21,
pt. 2, p. 750-756 ; 230 references.

Geological Society of America, 1983-58, Bibliography and index of geology exclu-
sive of North America: v.1-23.

Gordeev, D, L, 1954, Progress of hydrogeology in the U.8.8.R. (Osnovnye etapy
istorii otechestvennoi gidrogeologii) : Akad. Nauk SSSR, Lab. gidrogeol.
problem Trudy, v. 7, 382 p. ; 900 references, in Russian.

Happ, S. C., 1955, Engineering geology reference list: Geol. Soe. America Bull,
v. 66, no. 8, p. 993-1030 ; permafrost, p. 1022-1024.

*Hodgkins, J. A., 1953, Permafrost, a bibliography from Soviet sources: Syracuse
Univ., June, 24 p., mimeo.; 279 references, titles in English and English
summaries where available.

Johnson, A, W, 1952, Frost action in roads and airfields, a review of the litera-
ture, 1765-1951 : Natl. Acad. Sci., Natl. Research Council, Highway Research
Board Spec. Rept. 1, 287 p. A review of permafrost, its distribution, char-
acter, extent, etc., based on existing literature, see p. 216-234.

Lovell, C. W,, Jr., and Herrin, Moreland, 1953, Review of certain properties and
problems of frozen ground, including permafrost: U.S. Army, Corps of
Engineers, Snow, Ice and Permafrost Research Establishment, Rept. 9, 124
p.; 250 references.

Minnesota University, 1950, Investigation of airfield drainage Arctic and Sub-
arctic regioms. pt. II, translations of selected topics: Prepared by St.
Anthony Falls Hydraulic Lab., Minnesota Univ., under contract with St.
Paul Dist.,, Corps of Hngineers, for Office, Chief of Engineers, U.S. Army,
148 p.
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*Qbruchev, V. A,, 1937, Account of geologic investigations of Siberia ; Quaternary
period 1889-1917) (Istoriia geologicheskogo issledovaniia Siberii; period
chetvertyi (1889-1917)) : Akad. Nauk SSSR, 213 p. Extensive bibliography,
in Russian.

Olchowik-Kolasinska, Julia, 1957, Review of P. F. Shvetsov, 1956, Principles of
classifying permafrost zones (O printsipakh raionirovaniia mnogoletnei
kriolitozony) : Akad. Nauk SSSR, Inst. Merzlotovedeniia, Materialy k
osnovam ucheniia o merzlykh zonakh kory, v. 3, p. 18-39; Poland, Lodzkie
Towarz. nauk., Biul. Peryglacjalny 5, p. 265-266.

Osterberg, J. O., and Fead, W. N,, 1959, Literature survey of moisture migration
in soils due to thermal gradients: U.S. Army, Corps of Engineers, Snow, Ice
and Permafrost Research Establishment, Spec. Rept. 32, 9 p.; annotations of
11 articles.

Poiré, I. V., 1949, Review of some foreign literature on frozen ground and related
subjects: Washington, U.S. Geol. Survey, Alaska Terrain and Permafrost
Sec., unpub. Includes several emended and condensed translations of
Russian literature.

*Rodevich, V. M., ed., 1936, Handbook on water resourceg of the U.S.S.R., v. 16,
folio 1, Lena-Yenisei region; v. 17, folios 1 and 2, Lena-Indirgirka region;
supplemental bibliography of 3,887 titles, in Russian.

Ruedy, R., 1955, Shaft sinking by the freezing methods: Canada, Natl. Research
Council, Tech. Inf. Service Rept. 43, 32 p., 110 references.

*Smirnova, 0. K,, Faidel, E. P,, and Shefranovskii, K. I., 1938: See Edelshtein,
IA. 8., ed., 1938.

Tolstikhin, N. I, 1941, Ground water in the frozen zone of the lithosphere
(Podzemnye vody merzloi zony litosfery) : Moscow, Gosgeolizdat, 201 p.
Extensive biblography, in Russian.

Tremaine, Marie, ed., 1958-60, Arctic bibliography: v. 1-10, prepared under
direction of Arctic Institute of North America for U.S. Dept. of Defense.

Troll, Carl, 1944, Structure soils, solifluction, and frost climates of the earth
(Strukturboden, Solifluktion, und Frostklimate der Erde): Geol. Rund-
schau, v. 34, p. 545-694 (U.S. Army, Corps of Engineers, Snow, Ice, and
Permafrost Research Establishment, Translation 43, 1958, 121 p.)

*Tulaev, A. TA, 1941, A review of the literature on frost heaving published
before 1938 (Obzor Literaturnykh rabot posviashchennykh izucheniiu puchin
i meram bor’by s nimi, opublikovannykh do 1938 goda) : Dorozhnogo
Nauchn.-issled. inst. (Moscow), v. 2, p. 13-86.

U.S. Air Force, 1949, Frost and permafrost, a brief survey of the agencies and
literature dealing with frost and permafrost: Air Univ. Libr.,, Doc. Div.,
135 p.

*U.S. Army, Corps of Engineers, Arctic Construction and Frost Effects Labora-
tory, 1953, Permafrost reference bibliography: unedited draft, December,
195 p.; 1,500 references, many with abstracts and annotations.

* 1954, List of investigation reports and other publications of the
Arctic Construction and Frost Effects Laboratory: Boston, Mass.,
December.

* 1958, List of reports: Misc. Paper 14, 36 p., June; 114 references to
works of the laboratory and to those of St. Paul District, Corps of Engineers,
issued 1945-58.
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U.S. Army, Corps of Engineers, 1951-60, Bibliography on snow, ice and perma-
frost, with abstracts: Snow, Ice and Permafrost Research Establishment
Rept. 12, v, 1-14 ; 18,000 references.

U.S. Library of Congress, Technical Information Division, 1956, The Polar bibli-
ography : Dept. Defense AFM 200-132, DA Pamph. 70-1, OPNAYV Instruc-
tion 3470.3, and NAVMC 1127, v. 1, 223 p., 15 Aug., 1953-56, Biblography of
translations, nos. 1-39: Washington, Lib. Cong., Sci. Translations Center.

*U.S. Navy, Naval Photographic Interpretation Center, 1950, Aerial photo
analysis of permanently frozen ground: Bur. Aeronautics NAVAER 10-35-
562, 71 p.; 121 references.

*Vsesoiuznaia Geologicheskaia Biblioteka, Classified bibliography of Soviet
Geologic literature (for various years), (Geologicheskaia literatura SSSR
bibliograficheskii ezhegodnik za—god): Gos. Nauchn.-Tekh. Lit. Geol. i
Okhrane Nedr.

Weinberg, B. P., 1940, Appendix A [to report of committee on snow]—list of latest
publications of USSR on ice and snow: Am. Geophys. Union Trans., v. 21,
pt. 2, p. T57-779. 694 references.

Wickersham, James, 1927, A bibliography of Alaskan literature, 1724-1924:
Alaska Agr. Coll. and School Mines Misc. Pub., v. 1, 635 p.

Zavaritskii, A. N, and Vorobeva, O. A., eds, 1947, Referaty nauchno-issledovatel’-
skikh rabot za 1945 god : Moscow-Leningrad, Akad. SSSR, Otdel. geol.-geog.
Nauk, 210 p. Annotated bibliography of papers published in 1945 in journals
of various institutes and laboratories of the geologic section of the Academy
of Sciences of the U.8.8.R.; possibly similar issues for other years.

Zikeev, N. T., 1951, A selective annotated bibliography on soil temperature : Am.
Meteorol. Soc. Abs. and Bibliography, v. 2, no. 3, p. 207-232.

GLOSSARY OF TERMS

A glossary of the English and some foreign terms on permafrost
and the more specialized terms applied to ground water in permafrost
regions is included in this bibliography as an aid to the reader. The
terms are arranged alphabetically. Alternate definitions are given
for terms having differences in definition in the literature, not neces-
sarily in the order of preference. The definitions of Muller (1945)
and Hennion (1955) are generally accepted in the United States.

Source of the definition is given and reference by author and year
of publication is made to the annotated bibliography. For many
terms the source of the original definition is not available and that
of a later author is used, as in the glossary by Muller (1945), in which
translations and amended definitions are given for definitions taken
from various Russian works. For most terms, the definitions for
which author, date, and page number of the reference are cited are
direct quotations; those that are credited as “from” or “after” are
definitions that have been rephrased to some extent by the compiler.
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Acicular ice. (See also Needle ice.) Formed at the bottom of ice (near the
contact with water) ; consists of numerous long crystals and hollow tubes
of variable form having layered arrangement and containing bubbles of
air (Muller, 1945, p. 218). Syn: Fibrous ice, satin ice.

Active layer. (See also Annual frost zone, active zone, mollisol, seasonally
frozen ground.) 1. A layer of ground above the permafrost which thaws
in the summer and freezes again in the winter (Muller, 1945, p. 213).

2. Ambiguities in the use of the term active layer make use of alternate terms
seasonal freezing and seasonal thawing desirable. Active layer applies to
ground layer affected by winter freezing or summer thawing and also to those
layers subject to annual variations in temperature. Term active layer is
sometimes applied to all strata located above the permafrost table (Khom-
ichevskaia, 1955).

8. Term should be replaced with seasonally thawed ground. (Akad. Nauk
SSSR, Inst. Merzlotovedeniia, 1956).

Syn: Seasonally frozen ground, annually thawed layer, frost zone, climafrost,
deyatelny sloi (Russian) (Sumgin, in Dylikowa and Olchowik, 1954, p. 140),
actywny pozion zmarzliny (Polish) (Jahn, in Dylikowa and Olchowik, 1954,
p. 140), czynna zmarzlina (Polish) (Dylik, in Dylikowa and Olchowik, 1954,
p. 140).

Active method (of construction). Method of construction in which permanently
frozen ground is thawed and kept unfrozen at and near the structure (Mul-
ler, 1945, p. 213).

Active permafrost (or active permanently frozen ground). Permafrost which,
after having been thawed due to natural or artificial causes, is able to return
to permafrost under the present climate (Muller, 1945, p. 213 ; from Bilibin,
1937).

Active zone. (See also Annual frost zone, active layer, frost zone.) The entire
layer of ground above the upper surface of the permafrost layer, most of
which freezes and thaws every year; term distinct from frost zone, which is
the zone subject to seasonal freezing and thawing. Where seasonal frost
penetrates to permafrost or below its upper surface, the frost zone and
active zone are identical (Frost, 1952, p. 226).

Agdlissartoq (Eskimo). See Hydrolaccolith.

Aggradation of permafrost. (See¢ also Pergelation.) An increase in thickness
and areal extent of permafrost. Syn: Rost vechnoi merzloty (Russian).

Air freezing index. See¢ Freezing index.
Air thawing index. See Thawing index.
Aktywy pozion zmarzliny (Polish). See Active layer.

Anchor ice. Ice in the bed of a stream or upon a submerged body or structure
(Langbein and Iseri, 1960, p. 4).

Annual frost zone. (See also Active layer, active zone, frost zone.) The top of
ground subject to annual freezing and thawing. In Arctic and subartic
regions where annual freezing penetrates to the permafrost table, supra-
permafrost and annual frost zone are identical (Hennion, 1955, p. 107).

Annual glacier. (See also Icing.) The annual deposit of ice formed by the
freezing of overflow water and snowdrifts saturated by the same (Maddren
1907, p. 46). Popularly referred to as glaciers.
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Annually thawed layer (or zone). (See also Active layer.) A layer or zone in
the ground above the permanently frozen ground which is alternately frozen
and thawed each year (Muller, 1945, p. 213, after Leffingwell, 1919, p. 181).

Arctic. The northern region in which the mean temperature for the warmest
month is less than 50°F, and the mean annual temperature is below 32°F.
In general, arctic land areas coincide with the tundra region north of the
limit of trees (Hennion, 1955, p. 107).

Aufeis (German). See Icing.

Average annual temperature. The average of the average daily temperatures
for a particular year (Hennion, 1955, p. 108).

Average daily temperature. The average of the maximum and minimum tem-
peratures for one day or the average of several temperature readings taken
at equal time intervals during one day, generally hourly (Hennion, 1955, p.
108).

Average monthly temperature. The average of the average daily temperatures
for a particular month (Hennion, 1955, p. 108).

Beaded drainage. The characteristic pattern of small streams in areas under-
lain by polygonal ground ice. The stream paths are angular owing to par-
tial control by depressions associated with the polygonal distribution of
ground ice. Small cave-in lakes occur at intervals along the stream gen-
erally at the junctions of ice wedges. The lakes, when connected by the
streams, resemble beads on a string (Péwé, 1954, p. 323).

Bodeneis (German). See Ground ice.
Bottom ice. See Anchor ice.

Bulgunniakh (Russian). See Hydrolaccolith.
Buried ice. See Ground ice.

Cave-in-lake. (See also Cryogenic lake, thaw lake.) A lake formed in a caved-
in depression produced by the thawing of ground ice (ice lens or ice pipe)
(Muller, 1945, p. 214). Syn: Kettle or kettle-hole lake, thermokarst lake.

Climafrost. See Active layer.

Closed system. A condition in which no source of free water is available dur-
ing the freezing process beyond that contained originally in the voids of the
soil (Hennion, 1955, p. 108).

Combined water. Water of solid solution and water of hydration which does
not freeze even at the temperature of —78°C (Muller, 1945, p. 214).

Confluent permafrost. Permafrost which is joined to the layer of winter freez-
ing each year (Sumgin and others 1940, in translation). Syn: Merging
permafrost.

Congelation. Action, process, or state, as well as the product of an alteration
from a fluid to a solid state, but excluding frost processes in rocks and soils
that contain only bound water (Shvetsov, 1955a, in translation).

Constant frost. See Permafrost.

Constant frozen ground (Russian: Postoianno marzlyi grunt, Chekotillo, 1956).
See Permafrost.
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Constant soil gelation (Russian: Postoiannoe pochvennoe promerzanie). See
Permafrost.

Continuous-permafrost zone. 1. An area where permafrost is found everywhere
under the natural surface, is relatively thick and massive, and has a tem-
perature below 28°F (Pihlainen, 1955, p. 11).

2. A zone of thick, areally continuous permafrost in which the permafrost
table lies within 4 in. to 6 ft of the land surface, and in which large
lakes and rivers lie in thawed areas slightly larger than the basins they
occupy. Temperature at depth of 30-50 ft is below —5°C (from Black,
1950).

Critical water period (critical period). The time, between moment of final freez-
ing of supra-permafrost water (verkhovodka) and the start of spring thaw,
in which resources rapidly diminish to nil (Tolstikhin, 1940).

Cryogenic lake. (See also Cave-in lake, thaw lake.) Lake in a region of per-
manently frozen ground produced by local thawing (Hutchinson, 1957, in
Weller, 1960). Syn: Kettle or kettle-hole, thermokarst lake.

Cryokarst. See Thermokarst.
Cryology. RSee Kriologiia (Russian), permafrostology.

Cryophile minerals. Minerals which are solid only below 0°C (Parkhomenko,
1938, in translation).

Cryophilic rocks. See Permafrost, definition 7.

Cryopedology. The science of intensive frost action and permanently frozen
ground including studies of the processes and their occurrence and also the
engineering devices which may be invented to avoid or overcome difficulties
induced by them (Bryan, 1946, p. 639-640).

Cryosphere. 1. The region of subfreezing temperatures on the earth’s crust, in-
cluding glaciers, ice, snow cover, and the upper layer of the atmosphere.
Soils are regarded as constituents of the cryosphere even if only a part of the
water is present in the solid state (from Shvetsov, 1951).

2. All the earth’s surface that is permanently frozen (U.S. Air Force, Arctic,
Desert, Tropic Inf. Center, in Howell, 1957, p. 69).

Cryovolcanic rocks. See Icing, definition 8.

Crystocrene. Surface mass of ice formed each winter by overflow of springs
(Tyrrell, 1904).

Crystosphene. Mass or sheet of ice developed by a wedging growth between
beds of other material (Tyrrell, 1904).

Dam, ground-water. See Ground-water dam.
Dauerfrostboden (or Dauernder Frostboden) (German). See Permafrost.

Deep-seated swelling. Swelling of ground caused by the freezing of freely
percolating ground water (Muller, 1945, p. 215).

Degelation. Thawing.

Degradation of permafrost. (See also De-pergelation.) 1. Disappearance of
the permafrost due to natural or artificial causes (Muller, 1945, p. 215).
Syn: Degradatsiia vechnoi merzloty (Russian), ischeznovenie vechnoi
merzloty (Russian).

2. Decrease in thickness or in areal extent of permafrost.
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Degradatsiia vechnoi merzloty (Russian). See Degradation of permafrost.

Degree-day. The degree days for any one day equal the difference between the
average daily air temperature and 32°F. The degree-days are minus when
the ,average daily temperature is below 32°F (freezing degree-days) and
plus when above (thawing degree-days) (Hennion, 1955, p. 108).

Degree-hour. A variation of one degree Fahrenheit from 382°F for a period
of one hour. The degree-hour is negative if below 32°F and positive if
above 32°F (Hennion, 1955, p. 108).

De-pergelation. (See also Degradation of permafrost.) The act or process of
thawing permanently frozen ground (Bryan, 1946, p. 640).

Depth of attenuation of annual variations (temperature) (or depth of seasonal
change). See Level of zero annual amplitude.

Detrimental permafrost (or Detrimentally frozen materials). A type of perma-
frost which, on thawing, causes differential settlement of the ground and
damage to buildings, roads, and other engineering works. Generally con-
sists of fine-textured materials which contain a large percentage of ice in
the form of crystals, large and small lenses and wedges, and large and small
ice masses of irregular shape (after Frost, 1952, p. 227).

Deyatelnyi sloi (also transliterated Deiatelnyi sloi; djatel’nyi sloi) (Russian).
See Active layer.

Diffusivity. An index of the facility with which a material will undergo tem-
perature change. It is numerically equal to the quotient of the thermal
conductivity and the volumetric heat. The diffusivity of a soil is increased
by freezing, by an increase of moisture, and by an increase in density
(Hennion, 1955, p. 109).

Dilation, water of. Water in excess of water of saturation held by the ground
in an inflated state (Muller, 1945, p. 215). Syn: Water of supersaturation.

Discontinuous-permafrost zone. A zone in which the continuity of permafrost
is broken by unfrozen zones; most major rivers and some lakes are not
underlain by permafrost, and permafrost may be absent in the tops of some
well-drained low hills. Seasonal thaw penetrates 1-10 ft, and temperature
at a depth of 30-50 £t generally is between —5° and —1°C (from Black,
1950).

Ditch (placer mining). System of trenches dug in unconsolidated deposits and
bedrock designed to carry water from supply point in stream or lake to
placer mine. Water commonly carried across gullies in pipes on trestles
or by inverted siphons.

Diurnigelisol. Diurnal frozen ground (Bryan, 1946).

Dry frost. (See also Dry frozen ground (or dry frozen materials), dry perma-
frost, frost soil (or rock).) 1. Conditions in which voids are partly filled
with minute crystals of ice (Wimmler, 1927, p. 64).

2. Term to be replaced by frost soil (or rock) (Akad. Nauk SSSR, Inst. Merz-
lotovedeniia, 1956).

Dry frozen ground (or dry frozen materials). (See also Dry frost, Sukhaia
merzlota (Russian).) 1. Ground with temperature below 0°C, but con-
taining no ice (Muller, 1945, p. 215).



20 GROUND WATER IN PERMAFROST REGIONS

2. Refers to condition in ordinarily well-drained granular materials in which
the grains are cemented by ice, but in which ice lenses wedges, and irregular
masses are lacking (from Frost, 1952, p. 226).

Syn: Sukhaia vechnaia merzlota (Russian).

Dry ice. See Led sushnikh,

Dry permafrost (or dry permanently frozen ground, dry pergelisol). 1. Perma-
nently frozen ground with temperature below 0°C but containing no ice
(Muller, 1945, p. 215).

2. Dry ground (rock, dry gravel, dry sand, ete.) which is not adfrozen and
has a negative temperature (Liverovskii and Morozov, 1941, p. 35, in
translation).

8. (Dry pergelisol). Material having the requisite mean temperature to be
permanently frozen but lacking water content, or “dry” (Bryan, 1946).

Etesigelisol. See Seasonally frozen ground.

Ever-frozen soil (or ever-frozen ground or subseil). See Permafrost.
Syn: Ever-frozen soil: Vsegda merzlaia pochva (Russian).
Ever-frozen ground: Vsegda merzlyi grunt (Russian).
Ever-frozen subsoil : Vsegda merzlaia podpochva (Russian).

Ewiger Frostboden (German). &See Permafrost.

Earth mound. See Frost mound, hydrolaccolith, pingo.

Eis als felsart (German). See Ground ice.

Eisboden (German). See Frozen ground.

Entrapped water. The water trapped between the base of seasonally frozen
ground and the permafrost table (from Alter, 1950a).

Eruption of soil. Probably equivalent to Frost mound (Muller, 1945, p. 216).

Eternal frigidness. See Permafrost. Syn: Postoiannoe promerzanie (Russian).

Eternal frost. See Permafrost. Syn: Vechnaia merzlota (Russian).

Eternal(ly) frozen ground. See Permafrost. Syn: Vechnomerzlyi grunt (Rus-
sian).
Fibrous ice. See Acicular ice.

Flood ice. See Icing.
Fossil ice. See Ground ice.

Frazil ice. 1. Composed of fine particles which when first formed are colloidal
and not seen in the water in which they are fioating (Langbein and Iseri,
1960, p. 11).

2. Ice formed by freezing of turbulent water. It is a mush of ice spicules and
water resembling slush (Muller, 1945, p. 216).

Freezing index. The number of degree-days between the highest and lowest
points on a curve of cumulative degree-days versus time for one freezing
season. It is used as a measure of the combined duration and magnitude
of below-freezing temperatures occurring during any given freezing season.
The index determined for air temperatures at 4.5 feet above the ground is
commonly designated as the air freezing index, while that determined for
temperatures immediately below a surface is known as the surface freezing
index (Hennion, 1955, p. 108-109).
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Freezing season. That period of time during which the average daily tempera-
ture is generally below 82°F. Nore.—The definitions for freezing season
and thawing season are applicable to conditions in arctic and subarectic re-
gions where frequent oscillations about the freezing point are uncommon
(from Hennion, 1955).

Frost. See Frozen ground, merzlota, permafrost.

Frost action. A general term for freezing and thawing of moisture in materials
and the resultant effects on those materials and on structures of which they
are part or with which they are in contact (Hennion, 1955, p. 107).

Frost belt. A ditch that causes an early and rapid freezing of surficial ground
forming an obstruction to percolating shallow ground water (Muller, 1945,
p. 216). Syn: Frost dam. ’

Frost blister. A mound or an upwarp of superficial ground caused chiefly by
the hydrostatic pressure of ground water (Muller, 1945, p. 216). Syn:
Soil blister, gravel mound.

Frostboden (German). (See also Frozen ground, permafrost.) The whole zone
of ground which is characterized by negative temperatures and is therefore
permanently frozen (Dylikowa and Olchowik, 1954, p. 136). Syn: Frozen
ground, frozen soil, le sol gelé (French), marzloec and zmarzlina (Polish),
merziota (Russian).

Frost boil. The breaking of a localized section of a highway or airfield pave-
ment under traffic and ejection of subgrade soil in a soft and soupy condition
caused by the melting of the segregated ice formed by frost action (Hennion.
1955, p. 107).

Frost dam. See Frost belt.

Frost heaving. (S8ece also Frost thrust.) 1. The raising of a surface due to the
formation of ice in the underlying soil (Hennion, 1955, p. 107).

2. The phenomenon of volume increase of moisture-saturated particles at the
time of freezing that refers chiefiy to upward movement of the particles,
induced by the slightest pressure and associated with the existence of a
capillary system and of an area of water supply (Taber, 1930b).

Frost line. The line or surface defined by the points of greatest depth at which
soil freezes (from Petrica, 1951).

Frost mound. 1. A localized upwarp of the land surface caused by frost action
or hydrostatic pressure (Hennion, 1955, p. 110).

2. A seasonal upwarp of land surface caused by the combined action of (a)
expansion due to the freezing of water; (b) hydrostatic pressure of ground
water ; and (c) force of crystallization (Muller, 1945, p. 216).

Syn: Earth mound, frost blister and gravel mound (in part), ground-ice
mound, hydrolaccolith (in part), ice mound, pals, peat mound, pingo (in
part), suffosion complex or knob.

Frost of long duration (of many centuries, of many years). See Permafrost.

Frost soil (or rock). (See also Dry frost, frozen ground.) 1. Rocks and soils
containing only bound water below the freezing point (Shvetsov, 1955, in
translation).

2. A term suggested as replacement for dry frost (Akad. Nauk SSSR, Inst.
Merzlotovedeniia, 1956).
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Frost-susceptible soil. Soil in which significant (detrimental) ice segregations
will occur when the requisite moisture and freezing conditions are present
(Hennion, 1955, p. 108).

Frost table. A more or less irregular surface that represents the penetration of
spring and summer thawing of the seasonal frozen ground (active layer).
Not to be confused with permafrost table (Muller, 1945, p. 217).

Frost thrust. 1. The horizontal component of frost heaving (Eakin, 1916).
2. A lateral displacement due to frost action (Hennion, 1955, p. 107).

Frost zone. (See also Active zone, active layer.) Top layer of ground subject
to seasonal freezing and thawing (Frost, 1952, p. 226).

Frozen formation. See Frozen ground.

Frozen geozome. (See also Permafrost.) Frozen zone of the lithosphere.
Syn : Kryogeozona, kryohtonna geozona, merzla geozona (Russian).

Frozen ground (or soil). (See also Frostboden, frost soil, tjale, merzlota (Rus-
sian).) 1. Ground that has a temperature of 0°C or lower and generally
contains a variable amount of water in the form of ice (Muller, 1945, p. 217).

2. The whole zone of ground which is characterized by negative temperatures
and is therefore permanently frozen (Dylikowa and Olchowik, 1954, p. 136).

3. Soil, ground, or earth formation the temperature of which is below zero;
thus the fact whether the soil, ground, or formation contains water or in
what quantity, or whether it is entirely absent is not taken into considera-
tion at all (Sumgin and others, 1940, in translation, p. 3-4).

4. Soil in which the change from water to ice occurs completely or in part
(Shvetsov, 1955).

Syn: Marzloc and Zmarzlina (Polish), le sol gelé (French), merzlyi grunt
(Russian).

Frozen-ground science. See Cryopedology, merzlotovedenie.

Frozen zone. (See also Permafrost.) Zone in which soil particles remain locked
in ice for several years (Sidenko, 1955, in translation). Syn: Merzlaia
zona (Russian).

Frozen zone of the lithosphere. See Frozen geozone, permafrost.
Gefrornis (German). See Permafrost.
Geocryology. See Geokriologiia.

Geokriologiia (Russian). The science treating of the conditions of formation,
development, and distribution of frozen ground or rock, their physical and
mechanical properties and modifications of the latter caused by human
activity. Term suggested to replace merzlotovedeniia (permafrostology)
(Meister and Shvetsov, 1955, in Arctic Bibliography 41341).

Geotermicheskaia zonal'nost’ (Russian). See Geothermal zone.

Goethermal gradient. The increase in depth (feet) to produce a 1°F change
in temperature (Misener, 1949, p. 286).

Geothermal zone. A group of strata within which the rocks and their enclosed
waters are characterized by a definite temperature interval * * *. The west
Siberian artesian basin is divided into six geothermal zones on the basis of
analysis of temperature of wells. (From Mavritskii, 1960, in translation.)
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Glacier. (See also Icing, annual glacier.) 1. A body of ice and firn consisting
of recrystallized snow and refrozen meltwater, lying wholly or mostly on
land and showing evidence of present or former motion (Flint, 1957, p. 11).

2. Term used in Alaska to denote ground ice or sheets of surface ice formed
by successive freezing of ground or river seepages, which in this report are
termed icings (Muller, 1945, p. 217).

3. Ice formed directly from overflows (flood waters) in flood plains and from
ground seepages (Wilkerson, 1932).

Gravel mound. See Frost blister, frost mound.

Ground frost. See Permafrost, seasonal frost. Syn: Gruntovaia merzlota
(Russian).

Ground ice. 1. Bodies of more or less clear ice in frozen ground. Excludes ice
of glacial origin (Muller, 1945, p. 217).

2. A body of ice surrounded by rocks or sediments on all sides, and keeping
this state for an indefinitely long time (Obruchev, S. V., 1938, in Poiré, 1. V.,
1949).

3. Consists of grains or bodies of more or less clear ice in permafrost. The
term generally is not applied to ice of glacial origin (Péwé, 1954, p. 323).

4. Subsurface or interstitial ice that occurs below the surface of the litho-
sphere. It may be formed from the freezing of either saturated or un-
saturated rock or soil or from the covering of a bed of surface ice or snow
by a mantle of rock debris. It may be either temporary or perennial.
Functionally it is like any other solid constituent of a rock or soil, and it
can therefore not properly be classed with either ground water or suspended
water (Meinzer, 1923, p. 22). CompPILER's NoTE—Tolstikhin 1940, 1941
(quoted by Meister, 1955, in translation) includes both liguid and solid
phases of water in the category of intrapermafrost water. Meister (1955, in
translation) argues that ground ice should not be classed with ground water.

5. Bodies of more or less clear ice in permanently frozen ground. Deposits
which are evidently only temporary features are excluded * * * and the
term is not applied to deposits which seem to be on top of the ground.
Stagnant earth-covered glaciers appear to fall about in the dividing line
of this definition. If their glacial origin is evident, they would be excluded.
The lower end of the Malaspina Glacier might be called ground ice if
nothing were known of its connection with the living glacier. Any glacial
ice embodied in the flat Arctie tundra, as there may be at Flaxman Island,
must be included in any deflnition. Ice in caves and under talus in regions
of unfrozen ground is excluded (Leffingwell, 1919, p. 180).

Syn: Bodeneis (German), buried ice, glacier ice (as used in Alaska), fossil
ice, interstitial ice, jorbundeis (German), stone ice, subsoil ice, subsurface
ice, subterranean ice, underground ice, ureis (German), steineis (German).

Ground-ice mound. See Frost mound.
Ground-ice wedge. See Ice wedge.

Ground icing. (See also Icing.) Surface ice formed during the winter by suc-
cessive freezing of sheets of water that may seep from the ground, from the
river, or from a spring (Jess, 1952).
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Ground-water dam. A body of material which is impermeable or has only low
permeability and which occurs below the surface in such a position that it
impedes the horizontal movement of ground water, and consequently causes
a pronounced difference in the level of the water table on opposite sides
of it. Such a dam may be either natural or artificial (Meinzer, 1923, p.
36-37).

Heterogeneously frozen soil. A soil in which a part of the water is frozen in
the form of macroscopic ice occupying a space in excess of the original
voids in the soil (Hennion, 1955, p. 108).

Hoar frost. See Needle ice.

Homogeneously frozen soil. A soil in which water is frozen within the material
voids without macroscopic segregation of ice (Hennion, 1955, p. 108).

Hydrolaccolith. (See also Pingo.) 1. Usually a large frost mound or an up-
warp of ground produced by the freezing of water into a large lenticular
body of ice—in a general way resembling a laccolith (Muller, 1945, p. 217).

2. Large swelling hummock that lasts many years and is due to the hydro-
static pressure of the ground water from below the merzlota (permafrost),
or from a talik, or of the artesian ground water in general. Hydrolacco-
liths always contain a frozen core that consists of frozen ground underlain
by ground ice. Hydrolaccoliths are often related to the naledi (icings)
Obrucheyv, 8, V., 1938, in Poiré, 1949).

3. Large isolated mounds of peat, fine frozen soil, and pure ice in river valleys
and lake depressions. They are seasonal or persistent; the largest are the
hydrolaccoliths, also called pingos or bulgunniakhs, which are formed
during intense, deeply penetrating, long continued freezing of the ground,
possibly during early stages of formation of permafrost (Grave, 1956, in
translation).

Syn: Agdlissartoq, bulgunniakh, earth mound, frost mound ( large and persist-
ent), pingorssarajuk.

Ice. Ree the various types of ice: Ground ice, needle ice, ete.

Ice content. The ratio, expressed as a percentage, of the weight of ice phase to
the dry weight of soil (Hennion, 1955, p. 108).

Ice field. See Icing.
Ice fountain. See Icing.

Ice gneiss. Interlayered thin lenses and beds of ice and sediment (from Taber,
1943b, p. 1516, 1520).

Ice heap. See Icing mound.
Ice hillock. See Icing mound.

Ice lenses. Ice formations in soil occurring essentially parallel to each other,
generally normal to the direction of heat loss, and commonly in repeated
layers (Hennion, 1955, p. 108).

Ice mound. See Frost mound.
Ice pipe. Ice wedge of cylindrical shape (Muller, 1945, p. 218).

Ice segregation. The growth of ice as distinct lenses, layers, veins, and masses
in soils commonly, but not always, oriented normal to the direction of
heat loss (Hennion, 1955, p. 108).

Ice soil. 8ee Permafrost.
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Ice vein. Ice injected into frozen ground (Taber, 1943b).

Ice wedge. 1. A vertical wedge-shaped ice mass in permafrost usually asso-
ciated with fissure polygons (Hennion, 1955, p. 108).

2. Wedge-shaped mass of relatively clear ice, oriented vertically or nearly so
with its apex downward. Ice wedges range in width from a few millimeters
to about 10 meters, in height from about 1 meter to 10 meters, and in
length horizontally from a few meters to several tens of meters. In most
places ice wedges join to form polygons whose diameters generally are on
the order of a few meters to several tens of meters (Black, 1953).

Ice well. Water-filled pit with ice walls in terrain underlain by massive ground
ice, the result of intense melting of the ice (Skvortsov, 1930, in translation).

Icing. (See also Crystocrene, cryovolcanic rocks, annual glacier, ground icing,
glacier, sersineq.) 1. A mass of surface ice formed during the winter by
successive freezing of sheets of water that may seep from the ground, from
a river, or from a spring. When the ice is thick and localized it is called
icing mound, and when it survives the summer it is called taryn (Muller,
1945, p. 218, from Sumgin, 1941, in translation).

2. A surface ice mass formed by freezing of successive sheets of water
(Hennion, 1955, p. 110).

3. Naled’ (Russian), a frozen sheet of water that poured over river ice, or
ground, or that intruded between the two layers of ground under the
pressure of the water of a dammed river or under hydrostatic pressure of
the ground water (Poiré, 1949).

Syn: Aufeis (German), ice field, ice fountain, naled’ (Russian), taryn
(Russian).

Icing mound. A localized icing of substantial thickness but of more or less
limited areal extent. May also form entirely or in part by the upwarp
of a layer of ice (as in a river) by the hydrostatic pressure of water
(Muller, 1945, p. 218).

Syn: Ice heap, ice hillock.

Icing process. (See also Naled’ process.) The process of forming icings.

Intergelisol. A layer of frozen ground between the pergelisol (permafrost) and
the mollisol (seasonally thawed ground) (Bryan,1946).
Syn: Pereletok (Russian), perehodnoy sloy (Russian).

Interstitial ice. See Ground ice.

Intrapermafrost water. 1. Term applied to that liquid phase of water which
circulates within the limits of the layer of frozen formation and to the solid
phase of water—fossil ice and water-bearing horizons which once functioned
and now are temporarily inactive due to the permafrost of long duration
(Tolstikhin, 1940, in translation).

2. Water which circulates within the permafrost proper (Liverovskii and
Morozov, 1941, p. 35, in translation).
3. Ground water in unfrozen layers, lenses, or veins within the permafrost.
(Muller, 1945, p. 218).

Ischenznovenie vechnoi merzloty (Russian). See Degradation of permafrost.
Island permafrost. See Sporadic permafrost.

Istoichivaia gruntovaia merzlota (Russian). See Permafrost. Syn: Stable
ground frost.
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Jarhliche tjale (German). See Seasonally frozen ground.

Jorbundeis (German). See Ground ice.

Kettle or kettle-hole lake. See Cave-in lake.

Kriogeozona or Kryogeozona (Russian). See Frozen geozone, permafrost.
Kriohtonna (kryohtonna) geozona (Russian). See Frozen geozone, permafrost.

Kriologiia (Russian). The study of ice. Not restricted to the study of glaciers,
but includes studies of ground, lake, river, and other forms of ice. Syn:
Cryology.

Lamellar ever-frozen ground. See Layered permafrost. Syn: Sloistyi vsegda
merzlyi grunt (Russian).

Latent heat of fusion. The number of British thermal units necessary to melt
one pound of ice without a change in temperature (from Hennion, 1955,
p. 109).

Layer of zero annual amplitude. See Level of zero annual amplitude.

Layered permafrost. Ground consisting of permanently frozen layers alternat-
ing with unfrozen layers or taliks (Muller, 1945, p. 218). Syn: Sloistyi
postoianne merzlyi grunt (Russian), sloistyi vsegda merzlyi grunt
(Russian).

Layered permanently frozen ground. See Layered permafrost. Syn: Sloistyi
vechnomerzlyi grunt (Russian).
Led (Russian). Ice.

Led sushnikh (Russian). Several layers of ice divided by air layers resting
on river bed in absence of water. Caused as sections of river freeze quickly
and excess of water flows on leaving airspace beneath ice cover (Tolstikhin,
1940, p. 278, in translation).

Ledianie stebelki (Russian). See Needle ice.

Level of zero (annual) amplitude. 1. The level to which seasonal change of
temperature extends into permafrost. Below this level the temperature
gradient of permafrost is more or less stable the year round (Muller, 1945,
p. 218).

2. A layer of rocks beneath the earth’s surface at a certain depth below which
the temperature of the ground does not follow the seasonal changes of
temperature of the earth’s surface, and is constant as long as the regime
of the merzlota (permafrost) or the climate of the region remains constant
(Poiré, 1949).

Level of zero annual temperature variation. See Level of zero (annual) am-
plitude.

Live water. A term used by miners in Alaska for ground water encountered in
unfrozen stream beds, or commonly under hydrostatic pressure, beneath
the permafrost.

Long-lasting frozen ground. See Permafrost.

Lower surface (of permafrost). The surface, where at a certain depth in the
lithosphere the permafrost ends, and positive (above 0°C) temperatures
begin., (Sumgin and others, 1940, p. 15, in translation).

Marzloc (Polish). See Frozen ground.
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Mean annual temperature. The average of the average annual temperatures for
several years (Hennion, 1955, p. 108).

Mean daily temperature. The average of the average daily temperatures for
a given day for several years (Hennion, 1955, p. 108).

Mean freezing index. The freezing index determined on the basis of mean tem-
peratures. The period of record over which temperatures are averaged is
usually a minimum of 10 years and preferably 30 (Hennion, 1955, p. 109).

Mean monthly temperature. The average of the average monthly temperatures
for a given month for several years (Hennion, 1955, p. 108).

Mean thawing index. The thawing index determined on the basis of mean tem-
peratures (Hennion, 1955, p. 109).

Merging permafrost. See Confluent permafrost.
Merzla geozona (Russian). See Frozen geozone.

Merzlota (Russian). (See also Frozen ground.) 1. Every ground the tempera-
ture of which falls below zero (0°C) independent of the fact whether or
not it contains water (Sumgin and others, 1940, in Dylikowa and Olchowik,
1954, p. 137).

2. Term used also as synonym for frozen ground that persists more than two
years in which the water is predominantly in the solid state, that is, frozen
as ice (from Poiré, 1949, Parkhomenko, 1936, and Tolstikhin, 1941, in trans-
lation).

Merzlotovedenie (Russian). 1. The study of frozen ground and of the proc-
esses occurring therein, as well as of the processes occurring in the zone
of contact between frozen and nonfrozen rocks (from Parkhomenko, 1938,
in translation).

2. Refers to the science of the development of frozen geozone (Tolstikhin,
1941, in translation).

8. A science of heat flow during cooling and freezing, heating and thawing of
the upper layer of the lithosphere, together with the accompanying mechani-
cal actions of agents inside and on the surface of the earth’s crust (Shvetsov,
1951, in translation).

Merzlyi grunt (Russian). See Frozen ground.
Mnogoletnaia merzlota (Russian). See Permafrost.

Mollisol. Seasonally thawed ground above the peregelisol (permafrost), equiva-
lent to active layer of Muller (1945) (from Byran, 1946).

Mollition. The act or process of thawing the mollisol (Bryan, 1946).

Muck. 1. Silt rich in organic material. It is gray to black when wet or frozen
and fetid upon thawing. Muck in permafrost ground generally contains
more ice than either perennially frozen loess or flood-plain silt (Péwé, 1954, p.
324).

2. A mixture of decayed vegetable matter and siltlike material forming the
surface layer of the ground in areas of permafrost. Locally, in river val-
leys, muck may be as much as 100 feet thick (Muller, 1945), p. 219).

Muskeg. (See also Organic terrain.) A shallow, poorly drained, peat-filled de-
pression supporting bog vegetation (Hennion, 1955, p. 110).
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Naled’ (Russian). (See also Icing, definition 8; taryn.) Term recommended
only for formations on the surface of an ice cover, taryn being preferred
for ground naledi (icings) (Akad. Nauk SSSR, Inst. Merzlotovedeniia,
1956).

Naled’ process. Combination of processes: the freezing of ground or water,
water migration, the formation of mounds, their cracking, the emergence
of water and its freezing. The results of this process (mounds, emerging
waters, ice formed from the waters) is called the naled’ phenomenon (Tol-
stikhin, 1940, p. 276, in translation).

Needle ice. Long, thin, needlelike ice crystals appearing immediately below the
ground surface during spring and fall nights; formed when air temperature
falls below freezing, but while the ground is yet unfrozen. Form normal to
ground surface (from Lovell and Herrin, 1953). Syn: Piprake, ledianie
stebelki (Russian). Also termed hoar frost (Beskow, 1935), or acicular
ice (Muller, 1945).

Non-frost-susceptible materials. Cohesionless materials such as crushed rock,
gravel, sand, slag, and cinders in which significant (detrimental) ice segre-
gation does not occur under normal freezing conditions (Hennion, 1955, p.
108).

Nonfusing permafrost or nonmerging permafrost. Permafrost separated from
the layer of annual winter freezing by an unfrozen layer (from Sumgin and
others, 1940, and Liverovskii and Morozov, 1941, in translation). Ant:
Confluent or merging permafrost.

Nonperforating talik. A talik which does not entirely pierce the frozen ground
(Vel’'mina, 1959, in translation).

Open system. A condition in which free water in excess of that contained
originally in the voids of the soil is available to be moved to the surface
of freezing to form segregated ice in frost-susceptible material (Hennion,
1955, p. 108).

Organic terrain. (See also Muskeg.) Terrain, the surface of which is com-
posed of a living organic mat of mosses, sedges, and (or) grasses, with or
without tree and shrub growth. Underneath the surface there is a mixture
of partially decomposed and disintegrated organic material, commonly
known as “peat” or “muck” * * * this subsurface material is highly com-
pressible compared to most mineral soils (MacFarlane, 1957, p. 3).

Pals (Sandinavian). (See also Frost mound.) Peat mound.

Passive method (of construction). Method in which the regime of the frozen
ground at or near the structure is not disturbed or altered (Muller, 1945,
p. 219). ’

Passive permafrost. Permafrost that was formed during earlier colder climates;
once destroyed does not appear again (Muller, 1945, p. 219, from Bilibin,
1937). Syn: Passive permanently frozen ground, passivnaia vechnaia
merzlota (Russian).

Passive permanently frozen ground. See Passive permafrost,
Passivnaia vechnaia merzlota (Russian). See Passive permafrost.



GLOSSARY OF TERMS 29

Patterned ground. A general term describing ground patterns resulting from
frost action, such as soil polygons, stone polygons, stone circles, stone
strips, and solifiuction stripes. The most common type of polygon is known
as a fissure polygon (Hennion, 1955, p. 109). COMPILER’S NOTE.~—Summaries
of terminology of patterned ground and references to the extensive literature
may be found in Washburn (1950) and Dylikowa and Olchowik-Kolasinska
(1955, 1956). These terms are generally omitted from this glossary.

Peat mound. See Frost mound.

Perekhednoi sloi (Russian). (See also Pereletok, intergelisol.) An interme-
diate frozen zone lying between the active layer and permafrost. Sumgin
(1940) regards it as belonging to the active layer; Tolstikhin thinks it
occurs in significant thickness only in the marginal areas of permafrost
(from Dylikowa and Olchowik, 1954, p. 141).

Pereletok (Russian). (See also Intergelisol, perekhodnoi sloi.) A frozen layer
at the base of active layer which remains unthawed for one or t{wo
summers. Pereletok may easily be mistaken for permafrost. (Muller,
1945, p. 219).

Perelotki merzloty (Russian). Islands of frozen ground, formed during several
cold winters, that persist for several years and ultimately disappear
(from Dylikowa and Olchowik, 1954, p. 141).

Perenne tjile (Swedish). See Permafrost.
Perennially frozen ground. See Permafrost.
Perennierende tjile (Swedish). See Permafrost.
Perforating talik, See Piercing talik.

Pergelation. The act or process of forming permanently frozen ground in the
present or in the past (Bryan, 1946).

Pergelisol. Permanently or perennially frozen ground (Bryan, 1946). Syn:
Permafrost.

Pergelisol table. See Permafrost table.

Permafrost., 1. Layers of ground (or geological formations) located at a cer-
tain depth from the surface which have a minus temperature lasting con-
tinuously from X years up to thousands or tens of thousands of years.
The value of X is the length of existence of pereletok, so far not established,
but approximately equal to 2, 3, or 5 years (Sumgin and others, 1940, in
translation).

2. Perennially frozen ground (Hennion, 1955, p. 107).

8. Ground with negative temperature and not subject to seasonal thawing
(Liverovskii and Morozov, 1941, p. 34, in translation).

4. A thickness of soil or other surficial deposits or even of bedrock, at a
variable depth beneath the surface of the earth in which a temperature
below freezing has existed continuously for a long time (from two to tens
of thousands of years) (Muller, 1945, p. 219).

5. Permanently frozen material. It may be bedrock, muck, sand, gravel,
ice, or some other superficial covering of the earth’s surface which remains
continually frozen for a period of two or more years (Rathjens, 1951,
p. 645).

6. Permanently frozen material of varying depth existing above bedrock
and below the zone of seasonal thaw (Rathjens, 1944).

736-894—65——38
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7. A special class of igneous or metamorphic rocks and sediments that con-
tains various amounts of ice or other cryophile (those that are solid
only below 0°C) minerals at a depth where they are not affected by
meteorological processes. If there are no cryophile minerals, the ground
cannot be called frozen, even if below 0°C (Parkhomenko, 1938).

8. The presence of a field of negative temperature located below the layer
of zero annual amplitude in the upper part of the earth’s crust (Redozubov,
1946, in translation).

Syn: Constant frost; constant soil gelation; Dauerfrostboden; Dauernder
frostboden; eternal frigidness; eternal frost; eternally frozen ground;
ever frozen soil, ground or subsoil; ewiger Frostboden; frost (in part);
Frostboden (in part); frost of long duration; frost of many centuries;
frost of many years; frozen geozone; frozen zone; frozen zone of the
lithosphere; Gefronis; ground frost (in part); ice soil; kriogeozona;
kriohtonna geozona; long lasting frozen ground; mnogoletnaia merzlota;
merzla geozona; merzlota (in part); perennially frozen ground; perenne
tjile; pergelisol; permafrozen ground; permanent frost; perpetually
frozen ground, soil, or subsoil; postoianno merzlyi grunt; postoiannaia
gruntovaia merzlota ; postoiannoe (pochvennoe) promerzanie; stable frost;
stable frozen ground; stable ground frost; standiger Frostboden; tjile;
ustoichivaia merzlota; vechnaia merzlota; vechnomerzlyi podpochva;
vsegda merzlyi grunt; vsegda merzlaia pochva; vsegda merzlaia podpochva.

Permafrost area. A specific section where all or only a part of the material
below the earth’s surface is permafrost (Rathjens, 1951, p. 645).

Permafrost table. A more or less irregular surface which represents the upper
limit of permafrost (Muller, 1945, p. 219; Hennion, 1955, p. 107). Syn:
Permanently frozen ground table, upper surface.

Permafrost thickness. The vertical distance at a given point between the upper
surface of permafrost (permafrost table) and the lower surface of perma-
frost (from Sumgin and others, 1940).

Permafrostology. English translation of merzlotovedenie, a Russian term now
replaced by geokriologiia (geocryology). See Merzlotovedenie, geokriologiia.

Permafrost ground or permafrozen ground. See Permafrost.
Permanent frost. See Permafrost. Syn: Vechnaia merzlota (Russian).

Permanent ground frost. See Permafrost. Syn: Postoiannaia gruntovaia
merzlota (Russian).

Permanent talik, See Talik,
Permanently frozen ground. See Permafrost. Syn: Postoianno merzlyi grunt
(Russian).

Permanently frozen ground table. See Permafrost table.
Permanent frost. See Permafrost. Syn: Vechnaia merzlota (Russian).

Perpetually frozen ground, soil, or subsoil. See Permafrost. Syn: Vechno-
merzlyi grunt (ground, soil) (Russian), vechnomerzlyi podpochva (subsoil)
Russian.

Piercing talik. A talik which entirely pierces the frozen ground. Syn: Perfo-
rating talik, taliki skvoznye (Russian).
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Pingo. (S8ee also Hydrolaccolith.) 1. The Eskimo name for conical hills that
occur on the low, featureless Arctic coastal plain of North America from
Point Barrow to east of the Mackenzie delta to the Horton River, NW.T.
Occur as two types: (a) those formed by hydraulic pressure on sloping
ground and pervious soils, and (b) those formed by local upheaval due to
expansion following progressive downward freezing of a body or lens of
water or semifluid mud, chiefly in lake basins or beds of former lakes
(Porsild, 1938).

2. Bskimo name for ‘“‘conical hill.” Has been used in the past as a local name
for a frost mound. It is suggested that the name pingo should be restricted
to frost mounds that are of longer than seasonal duration and that are, as
a rule, of relatively large dimensions (Muller, 1945, p. 220).

3. A large frost mound, not uncommonly a hundred feet high or more, contain-
ing a core of ice (Hennion, 1955, p. 110).

4. A term used in the United States for long-lasting large hummocks whose
origin is due to the hydrostatic pressure of ground water from below the
merzlota (permafrost) or from taliki (thawed zones), or of the artesian
water. In Russian, “pingos” are called hydrolaccoliths or bulgunniakhi
(from Poiré, 1949).

Pingorssarajuk (Bskimo). S8ee Hydrolaccolith, pingo.
Piprake (German). See Needle ice.

Polygonal ground (also checkered, orthogonal, tetragonal ground, tundra or
Taimyr polygons). Ground with a polygonal surface pattern caused by
subsidence of the surface over ground ice that is arranged in a polygonal
network. Not to be confused with polygonal surface markings of small
scale produced by frost heaving (Péwé, 1954, p. 323). COMPILER'S NOTE.—
See Washburn (1950) and Dylikowa and Olchowik-Kolasinska (1955, 1956)
for terminology of polygonal ground and polygonal markings formed by
frost heaving.

Polyn’ia (Russian). 1. Areas of river channel which do not freeze in winter,
generally caused by presence of ascending springs (Tolstikhin, 1940, in
translation).

2. An unfrozen portion or a window in the river ice which remains unfrozen
during all or part of the winter owing to a local inflow of warm water either
from a subaqueous spring or from a tributary (Muller, 1945, p. 220).

Postoiannaia gruntovaia merzlota (Russian). See Permafrost. Syn: Perma-
nent ground frost.

Postoiannaia merzlota (Russian). Permanently frozen.

Postoianno merzlyi grunt (Russian). See Permafrost. Syn: Constant frozen
ground, permanently frozen ground.

Postoiannoe pochvenno promerzanie (Russian). See Permafrost. Syn: Con-
stant soil gelation.

Postoiannoe promerzanie (Russian). See Permafrost. Syn: Eternal frigid-
ness.

Prosloiki merzloty (Russian). Tiny lenses of frozen ground scattered in the
unfrozen mass that can be seen during maximum degelation of the ground
in autumn (from Dlyikowa and Olchowik, 1954, p. 141).
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Pseudoisland of talik. Unfrozen ground beneath the seasonally frozen ground
(active layer) surrounded and underlain by continuous permafrost (Muller,
1945, p. 221).

Pseudotalik. Talik limited from below by frozen ground (from Sumgin and
others, 1940, in Dylikowa and Olchowik, 1954, p. 138). Syn: Taliki zam-
knutye s nizu (Russian).

Residual thaw zone. A layer of unfrozen ground between the permafrost and
the annual frost zone. This layer does not exist where annual freezing
penetrates to the permafrost table (Hennion, 1955, p. 107).

Rost vechnoi merzloty (Russian). See Aggradation of permafrost, pergelation.
Satin ice. See Acicular ice.

Seasonal frost. Ground having a temperature below 0°C during a definite
season (Poiré, 1949).

Seasonally frozen ground. (See also Active layer.) The upper part of the
earth’s crust that is subject to seasonal freezing and thawing. The sea-
sonally frozen ground can occur in all regions in which the temperature of
the earth’s surface can become negative, that is, below 0°C. The thickness
of seasonally frozen ground in regions with permafrost is usually less than
it would be if permafrost were absent (Poiré, 1949).

Seasonally thawed ground. Term recommended to replace active layer (Akad.
Nauk SSSR, Inst. Merzlotovedeniia, 1956, in translation).

Sersineq (Greenland). (See also Icing.) Fountain ice formed by brooks origi-
nating in hot spring in Disko Bay area, Greenland (Porsild, 1925).

Sloistyi postoianno merzlyi grunt (Russian). See Layered permafrost.
Sloistyi vechnomerzlyi grunt (Russian). See Layered permafrost.
Sloistyi vsegda merzlyi grunt (Russian). See Layered permafrost.
Soil blister. See Frost blister.

Sol gelé (le) (French). See Frozen ground.

Solifluction. 1. The perceptible downslope movement of saturated nonfrozen
soil over a base of impervious or frozen material. Movement occurs pri-
marily when melting of segregated ice or infiltration of surface runoff results
in concentration of excess water in the surface soils (Hennion, 1955, p.
109-110).

2. A process of subaerial denudation consisting of the slow gravitational
flowing of masses of superficial materials saturated with water (Muller,
1945, p. 222).

Specific heat (of soil). The number of British thermal units necessary to raise
the temperature of one pound of dry soil 1°F (Hennion, 1955, p. 109).

Sporadic permafrost (zone). 1. Permanently frozen ground occurring as scat-
tered islands in the area of dominantly unfrozen ground (Muller, 1945, p.
222).

2. Permafrost found in scattered patches, of limited thickness, and having a
temperature close to the melting point, 28° to 32°F (from Pihlainen, 1955,
p. 11).

3. Zone of sporadic or scattered bodies of permafrost having a temperature
at a depth of 30 to 50 feet higher than —1°C (from Black, 1950).
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Stable frost. See Permafrost.
Stable frozen ground. See Permafrost.

Stable ground frost. See Permafrost. Syn: Istoichivaia gruntovaia merzlota
(Russian).

Standiger Frostboden (German). See Permafrost.
Steineis (German). Stone ice. See Ground ice.
Stone ice. See Ground ice.

Strukturnoye ledovedenie (Russian). Term meaning cryology, a branch of
study that has at its objective the analysis of the composition and structure
of ice leading to far-reaching conclusions as to the conditions of ice forma-
tion in nature. Attempts to solve the problem raised by the formation and
conditions responsible for the persistence of ground ice (from Shumsgkii, in
Dylikowa and Olchowik-Kolasinska, 1955 ; 1956, p. 121).

Subarctic. The region adjacent to the Arctic in which the mean temperature for
the coldest month is below 32°F, the mean temperature for the warmest
month is above 50°F, and where there are less than 4 months having a mean
temperature above 50°F. In general, subarctic land areas coincide with
the circumpolar belt of dominant coniferous forest (Hennion, 1955, p. 107).

Subpermafrost water. Water which lies below the layer of permafrost. The
permafrost layer serves as a ceiling for the upper portion of such waters
(Tolstikhin, 1940, in translation).

Subsoil ice. See Ground ice.
Subsoil water. Water formed in thick alluvium above perpetually frozen ground

by infiltration of precipitation and by condensation of moisture during the
frostless season (Chernyshev, 1935). Syn: Suprapermafrost water.

Subsurface ice. See Ground ice.
Subterranean ice. See Ground ice.
Subwater. See Subpermafrost water.

Suffosion process. (See also Frost mound.) A process taking place in summer
in which a layer of water occurs under the firm and dry crust of the surface
peaty soil which frequently was found to creep down to lower levels. The
pressure exerted was so great that cracks would form in the dry soil and
liquid mud would pour out, or that convex mounds (suffosion knobs or
mounds) would form (from Nikiforoff, 1928, p. 70).

Sukhaia merzlota (Russian). (See also Dry frozen ground, dry permafrost.)
Dry frozen ground * * * loose rocks which do not contain a sufficient
amount of water to cement the ground with ice (from Sumgin and others,
1940 ; in Dylikowa and Olchowik, 1954, p. 138).

Sukhaia vechnaia merzlota (Russian). See Dry permafrost. Syn: Dry frozen
ground, dry permafrost.

Superwater. See Suprapermafrost water.
Suprapermafrost. The entire layer of ground above the permafrost table (Hen-
nion, 1955, p. 107).

Suprapermafrost layer. Thickness of ground above permafrost consisting of
active layer, talik, and also the pereletok, wherever present (Muller, 1945,
p. 222).
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Suprapermafrost water. Water on top of the layer of permafrost, which serves
as a watertight foundation. It is usually encountered in the negative forms
of relief, on wide water divides, less often on slopes, and mostly in Qua-
ternary deposits (from Tolstikhin, 1940, in translation).

Suprazone. See Suprapermafrost layer.
Surface freezing index. See¢ Freezing index.
Surface thawing index. See¢ Thawing index.

Surficial swelling. Swelling of ground, usually of small magnitude (5-10 em),
caused by the freezing of meteoric waters which penetrate to a small depth
below the surface (Muller, 1945, p. 222).

Swelling, deep-seated. See Deep-seated swelling.

Swelling of ground. Increase in volume of surficial deposits due to frost action
(Muller, 1945, p. 222).

Tabetification. (See also Talik.) The act or process of forming tabetisol
Bryan, 1946).

Tabetisol. Unfrozen ground above, within, or below the pergelisol (Bryan,
1946).

Taele (Norwegian). See Tjile, frozen ground.

Talik (Russian). (See also Nonperforating talik, piercing, or perforating talik,
tabetisol.) 1. Ground which not being perennially frozen is encircled by
perennially frozen ground (Tumel’ in Sumgin and others, 1940, in Dylikowa
and Olchowik, 1954, p. 138).

2. A rock, no matter what its temperature, in which there is circulation of
water, and, as a rule, every rock whose temperature ig positive (Tolstikhin,
1941, in Dylikowa and Olchowik, 1954, p. 188).

3. A layer of unfrozen ground between the seasonal frozen ground (active
layer) and the permafrost. Also applies to an unfrozen layer within the
permafrost as well as to the unfrozen ground beneath the permafrost
(Muller, 1945, p. 223).

Talik island. Unfrozen ground beneath the seasonally frozen ground surrounded
on the sides by the permafrost and extending vertically to the bottom of the
permafrost (Muller, 1945, p. 218).

Talik water. Water that exists within a talik, as, for example, water in the
thawed zone (talik) beneath a river (from Svetozarov, 1934, in translation).

Taliki skvoznye (Russian). See Piercing talik.
Taliki zamknutye s nizu (Russian). See Pseudotalik,

Taryn (Yakut). (See also Icing.) 1. Icing which does not thaw completely
during the summer (from Muller, 1945, p. 223).

2. Large icings in the mountains of Yakutia (Siberia) whose formation is due
to the hydrostatic pressure of the ground water from below the permafrost
(Poiré, 1949).

3. Term preferred for ground icings, the term naled’ being used only for for-
mations on the surface of an ice cover (Akad. Nauk SSSR, Inst. Merzloto-
vedeniia, 1956, in translation).

Tele (Norwegian). See Tjile, frozen ground.
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Temperature inertia (stability) of the soil. Long-lasting stability of the soil
temperature at a certain depth in winter (Chekotillo, 1955, in translation) ;
criticized by Zhukov (1958), who believes term should be eliminated from
scientifiec terminology.

Temporary talik. A layer of unfrozen ground between the active layer (sea-
sonally frozen ground) and permafrost, whose unfrozen state is due to an
occasional warm winter or unusually early snowfall. It usually disappears
with the return of the normal winter regime (Muller, 1945, p. 223).

Thaw depression. Depression which results from subsidence following thawing
of perennially frozen ground (Hopkins, 1949, p. 119).

Thaw lake. (See also Cave-in lake, cryogenic lake.) Lake which occupies thaw
depression; term includes lakes which originated in other ways but which
have been considerably enlarged by thawing and caving at their margins
(from Hopkins, 1949, p. 119). Syn: Kettle or kettle-hole lake, thermokarst
lake.

Thaw sink. Closed depression with subterranean drainage; believed to have
originated as thaw lake, (Hopkins, 1949, p. 119).

Thawing index. The number of degree-days between the lowest and highest
points on the curve for cumulative degree-days versus time for one thawing
season. It is used as a measure of the combined duration and magnitude of
above-freezing temperatures occurring during any given thawing season.
The index determined for air temperatures at 4.5 feet above the ground is
commonly designated as the air thawing index, while that determined for
temperatures immediately below a surface is known as the surface thawing
index (Hennion, 1955, p. 109).

Thawing season. That period of time during which the average daily tempera-
ture is generally above 32°F. Nore.—The definitions for freezing season
and thawing season are applicable to conditions in arctic and subarctic
regions where frequent oscillations about the freezing point are uncommon
(Hennion, 1955, p. 108).

Thermal conductivity or conductance. The time rate of heat flow through unit
area of a substance under a unit temperature gradient. Common units are
British thermal units per hour per square foot per degree F per inch or foot
of thickness (Hennion, 1955, p. 109) or calories per second per °C per
cm of thickness.

Thermal regime. The temperature pattern existing in a body (Hennion, 1955,
p. 109).

Thermal resistivity or resistance. The reciprocal of thermal conductivity or
conductance (Hennion, 1955, p. 109).

Thermokarst. 1. Karstlike topographic features produced by the melting of
ground ice and the subsequent settling or caving of ground (Muller, 1945, p.
223).

2. A process of differential settling or caving of the soil surface (Ermolaev,
1932, in translation).

8. The process of thawing of ice in the ground (except in bedrock) which
is accompanied by the local settling of the soil surface and the formation
of negative relief forms (Mukhin, 1960, in translation).

Syn: Cryokarst.
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Tjile (Tjaele) (Swedish). (See also Frozen ground.) Frozen ground without
determining the duration of its frozen state * * * hence it is equivalent to
frozen ground but not to perennially frozen ground (Dylikowa and Olchowik,
1954, from Hoégbom, 1914, and Bryan, 1951). Syn: Tele (Norwegian).

Transitory frozen ground. Ground frozen by a sudden dip of temperature and
remaining frozen but a short time, usually a matter of hours or days (Muller,
1945, p. 223).

Tundra. 1. Those areas in high latitudes in which timber is lacking and the
ground bears a partial or complete cover of sedges, willows, dwarf birches,
mosses, and lichens (Sigafoos and Hopkins, 1952).

2. A treeless region of grasses and shrubs characteristic of the Arctic (Hen-
nion, 1955, p. 110).

Underground ice. See Ground ice.

Under-river-bed stream. Suprapermafrost water or ground water (where per-
mafrost is absent) in a riverbed which does not freeze completely in winter
(Tolstikhin, 1940, in translation).

Ureis (German). See Ground ice.
Ustoichivaia merzlota (Russian). See Permafrost.

Vechnaia merzlota (Russian). See Permafrost. Syn: Eternal, permanent
frost.

Vechnomerzlyi grunt (Russian). See Permafrost. Syn: Eternally frozen
ground.

Verkhovodka (Russian). Suprapermafrost water lying within the active layer
and freezing each season (from Tolstikhin, 1940, in translation).

Volumetric heat capacity. The number of British thermal units necessary to
raise the temperature of 1 cubic foot of a material 1°F. For dry soils it

w
is cd; for wet soils it is d i(—)—d; and for wet, frozen soils it is ¢ (c+0.5 w),

where ¢ is the specific heat of the dry material, 4 is the dry density of a soil
in 1b per cu ft, and w is the water content of a soil in percentage of dry
weight (Hennion, 1955, p. 109).

Volumetric latent heat of fusion. The number of British thermal units neces-
sary to melt the ice in 1 cubic foot of soil without a change in temperature
ture (Hennion, 1955, p. 109).

Volumetric weight. The ratio of the weight of a unit volume of dry ground to
that of an equal volume of water under standard conditions (Muller, 1945,
p. 223).

Vsegda merzlaia pochva (podpochva) (Russian). See Permafrost. Syn: Ever-
frozen soil (pochva), ever-frozen subsoil (podpochva).
Zero annual amplitude, layer of. See Level of zero (annual) amplitude.

Zero curtain. 1. A layer of ground between the active layer and permafrost
where zero temperature (0°C) lasts a considerable period of time (as long
as 115 days a year) during the freezing and thawing of overlying ground
(Muller, 1945, p. 224).

2. An interval during which the temperature remains constant as the chilling
of water is temporarily compensated by the latent heat of fusion (Muller,
1945, caption fig. 10).
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8. According to Sumgin, expresses the resistance to heat or cold penetration
in soil due to latent heat liberated on freezing, which inhibits frost pene-
tration to a degree depending on the moisture content of the soil (Stotsenko
and Ignatenko, 1957). Criticized by Zhukov (1958) who believes term
should be eliminated from scientific terminology.

Zmarzlina (Polish). See Frozen ground.

ANNOTATED BIBLIOGRAPHY

Abu-Lughod, J., Roberts, W. J,, and Stall, J. B. (H. B. Hudson, Jr., ed.), 1957,
Industrial operations under extremes of weather; pt. 5, Problems of in-
dustrial water in areas of extreme weather conditions: Meteorol. Mon.,
v. 2, no. 9, p. 66-86.

Large yields of potable water are found in aquifers beneath permafrost,
particularly in river valleys. Temperature of the ground water is commonly
high enough to prevent freezing of the distribution system., Ground water
occurs in bedrock fissures, at contacts, and in structural depressions beneath
permafrost.

Afanas’yev, A. N,, 1958, Second conference on subterranean waters and engineer-
ing geology of Eastern Siberia (Russian): Meteorologiia i Gidrologiia, no.
11, p. 68-69.

Seventeen papers on general and methodological problems of hydrogeology,
24 on regional hydrogeology, and 18 on engineering geology and permafrost
research were given at the meeting. Among papers at the plenary session were:
I. K. Zaitsev’s “A Multilateral Hydrogeologic Map of Eastern Siberia”
(1:2,500,000) and V. G. Tkachuk’s “The Mineral Waters of Eastern Siberia.”—
From translation 59-13328, Office of Tech. Services, U.S. Dept. Commerce.

Akademiia Nauk SSSR, 1958, Soviet coordinating commission for permafrost
studies: Akad. Nauk SSSR Izv., Ser. geog., no. 4, p. 138-139, 1957 [Russian] ;
translated, 1958, Polar Rec., v. 9, no. 59, p. 150-151.

An interdepartmental Coordinating Commission for Permafrost Studies (Ko-
ordinatsionnaia Komissiia po Merzlotovedeniiu) has been attached to the Obru-
chev Institute for Permafrost Studies. A working committee to function be-
tween annual meetings consists of P. F. Shvetsov (Chairman), A. M. Chekotillo
(Secretary), I. F. Nasedkin, M. V. Kim, A. L. Kalabin, V. A. Kudriavtsev, and
two others.

Akademiia Nauk SSSR, Institut Merzlotovedeniia, 1956, The basic concepts and
terms of geocryology (permafrostology) [Osnovnye poniatiia i terminy geo-
kriologii (merzlotovedeniia)]: Moscow, Akad. Nauk SSSR Izd., 16 p.

A new terminology of 36 terms developed during 1950-55 by a commission of
the Institute of Permafrostology, P. I. Koloskov and, later, P. F. Shvetsov,
chairmen., “Permafrostology” is replaced with ‘“geocryology”; “permanent”
with phrase of “several years’ standing.” “Naled’” is to be used only for forma-
tions on the surface of an ice cover, “taryn” being preferred for ground naledi.
“Forest soils” or “rocks” replaces ‘“dry permafrost.” “Seasonally thawed”
ground replaces “active layer.” See Glossary of terms-—From SIPRE 16349.

Akademiia Stroitel’stva i Arkhitektury SSSR, 1959, Instructions for the organi-
zation and conduct of observations on the change in the water and tem-
perature regime of permafrost for the purpose of foundation construction
[Ukazaniia po organizatsii i vedeniiu nabliudenii za izmeneniem vodno-



38 GROUND WATER IN PERMAFROST REGIONS

temperaturnogo rezhima vechnomerzlykh gruntov dlia tselei fundamento-
stroeniial: Moscow, Gos. izd. literatury po stroitel’stvu, arkhitekture i
stroitel’'nym materialiam, 26 p.

Technical instructions for instrumentation of boreholes, including proce-
dures for observing temperature variations in permofrost and changes in water
levels—From SIPRE 17610.

Akimov, A. T., 1935, Geophysical methods in studying permafrost [Geofizicheskie
metody na merzlote] : Razvedka Nedr, v. 5, no. 22, p. 30-33.

1937, Specific resistance of frozen soils: Akad. Nauk SSSR Comptes ren-
dus (Doklady), new ser., v. 16, no. 8, p. 405-407. [Russian.]

1959, Results of permafrost and geophysical investigations in the eastern
part of the Bol’'shezemel’skaya tundra [Resul’taty merzlotno-geofizicheskikh
issledovanii v vostochnoi chasti Bol’shezemel’skoi tundry] Akad. Nauk
SSSR, Inst. Merzlotovedeniia im. V. A. Obrucheva Trudy, v. 15, p. 5-46.

Electrometric (resistance) and geothermal investigations in the Vorkuta

industrial area from 1946 to 1952 were successful in determining the location
and thickness of permafrost and talik, but were not successful where the taliks
were narrow and where large permafrost islands occurred among extensive
areas of talik.—From SIPRE 18234.

Alaska’s Health, 1951, Safe wells need careful plans: Alaska’s Healthv. 9, p. 7,
August.,
Suggestions for proper location of wells with respect to sewage disposal facili-
ties and a detailed plan for a safe well suitable for Arctic conditions.—From
Arctic Bibliography 27729,

1953, Fairbanks begins construction of unique new circulating water system
in hope to foil sub-Arctic’s freezing effects on maing: Alaska’s Health, v.
10, p. 5.
Water for the new single-main recirculating system is to be obtained from a
24-in. drilled well.—From Arctic Bibliography 27707.

Alter, A. J., 1949, Water supply problems of the Arctic: Alaska’s Health, v. 7,
no. 3, p. 1-3.
A brief discussion of water supply in permafrost regions, including the utili-
zation of ground water.
19504, Arctic sanitary engineering : Washington, Federal Housing Adm., 106 p.
Shallow suprapermafrost water provides a seasonal supply that is easily
contaminated. Rarely, water is entrapped within the permafrost in the southern
part of the permafrost zone, but the yield is variable. Subpermafrost water
supplies are difficult to locate, costly to develop, and commonly highly mineral-
ized. In the Arctic, where permafrost extends into bedrock, circulation of
ground water beneath permafrost is hindered by impermeable bedrock forma-
tions, and recharge through the permafrost is impossible. At Fairbanks several
wells tap subpermafrost water ; the warmest water is available at some distance
below the base of permafrost.

1950b, Water supply in Alaska: Am., Water Works Assoc. Jour., v. 42, no. 6,
p. 519-532. See annotation, Alter, A. J., 1950a.

1952a, Relationships of permafrost to environmental sanitation, in Alaskan
Sci. Conf., 1st, Washington 1950, Proc: Natl. Research Council Bull. 122,
p. 240-253.
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Inadequate water supply, unsafe disposal of human excrement, accumulations
of refuse, substandard housing, difficulties in insect control, and careless food
handling are among the chief sanitation problems. Permafrost forms an imper-
meable substratum that prevents recharge of ground-water supplies by infiltra-
tion. Ground water above permafrost is easily exhausted and may be frozen
much of the year. Wells through permafrost will freeze unless pumping is
regulated.

1952b, Water supply problems in low-temperature areas, in Alaskan Sci. Cont,,
1st Washington 1950, Proc: Natl. Research Council Bull. 122, p. 94-95;
repr., 1952, Science in Alaska, Selected papers of the Alaskan Science Con-
ference * * *: Arctic Inst. North America, p. 219-239. See annotation,
Alter, A. J., 1955.

1953, Thermodynamic considerations in the design of Alaskan water distribu-
tion systems, én Alaskan Sci. Conf., 4th, Juneau 1953, Proc: Science in
Alaska, p. 36-38.

Among the methods of warming the water prior to distribution is mixing
surface water having a winter temperature of 32°F with warmer ground water.

1955, Low temperature problems in Alaska: Am. Water Works Assoc. Jour.,
v. 47, p. 763-7617.

About 66 percent of Alaska lies within the permafrost zone. Permafrost pre-
vents infiltration of water into the ground. The combination of ground-water
temperatures near 32°F and below-freezing ground temperatures in wells through
permafrost causes some wells to freeze. Well freezing may be prevented by
controlled pumping, addition of hot water, recirculating antifreeze through a
coil in the well, or by using electric heating devices.

Alter, A, J. See also Clark, L. K., 1956.

Ananian, A. A, 1945, Electric conductivity of frozen soils [Elektroprovodnost’
merzlykh gruntov] [abs.] : Akad. Nauk SSSR, Otdel. geol. geog. Nauk, 1944,
p. 124,

At positive temperatures (centigrade scale) the increase of moisture in the
ground decreases its conductivity, whereas the decrease of the ice content in-
creases its conductivity. At temperatures below freezing, the increase of mois-
ture—that is, the increase of the ice content in the frozen ground—decreases its
conductivity, whereas the decrease of the ice content increases the conductivity,
and some samples of frozen ground remain sufficiently conductive for purposes
of electric prospecting.—From U.S. Geol. Survey Bull. 959, p. 125, Geophys. Abs.
10075.

1952, Migration of moisture in frozen loose mountain rock soils under the
influence of electro-osmotic forces [Peremeschchenie vlagi v merzlykh
rykhykh gornykh porodakh pod vliianiem sil elektroomosa]: Kolloidnyi
Zhur., v. 14, no. 1, p. 1-9—8ee SIPRE U-5316.

1958, Dependence of the electrical conductivity of frozen rocks on saturation
[Zavimost’elektroprovelnosti merzlykh gornykh porod ot vlazhnosti] : Akad.
Nauk SSSR Izv., Ser. geofiz., no. 12, p. 1504-1509.

Electrical conductivity in finely dispersed frozen rocks is governed by the
progressive advance of the not yet frozen portion of the water; it is deter-
mined by the phase relations of the water. The smaller the amount of ice and
the larger amount of unfrozen water, the higher the electrical conductivity.
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Conductivity of frozen rocks reaches its maximum when the moisture content
approaches the lower limit of plasticity—From U.S. Geol. Survey Bull. 1106-B,
p. 173-174, Geophys. Abs. 177-142.

Ananian, A. A,, and Baulin, V. V., 1960, A second permafrost layer in the Salek-
hard region [0 vtorom sloe mnogoletnemerzlykh porod v raione Salekharde] :
Akad. Nauk SSSR, Inst. Merzlotovedeniia im. V. A. Obrucheva Trudy, v. 16,
p. 141-149.

Geothermal investigations from 1953 to 1958 on a layer of permafrost 40-
100 m thick lying at a depth of 93-152 m show that it is a relic of soil freezing
that took place before the Climatic Optimum. Its temperature ranges from 0°
to —0.4°C, and ground temperatures are plotted to a depth of 325 m.—From
SIPRE 18324.

Andreev, V. N,, 1936, Hydrolaccoliths in East Siberian tundra [Gidrolaccolity
[bulgunniakhi] v Zapadno-Sibirskikh tundrakh]: Gos. geo. obschch. 1zv., v.
68, no. 2, p. 186-210.

Hydrolaccoliths as much as 40 m high are caused by progressive downward
freezing of water. These mounds occur in Transbaikal, the TAmal Peninsula,
and in the Baidaratskaia tundra in flat, poorly drained areas near river deltas
or in old lake basins. Water seeping through the fissures in the mounds is
generally of a subterranean origin. Mounds fed by ground water last many
years; those fed by surface water usually disappear the following summer.—
From SIPRE U-3063.

Andrianov, P. I, 1927, Unfrozen water at —3°C, hygroscopic moisture and cer-
tain physical properties of soil [Voda nezamerzaiuschchaia pri —3°C,
voda gigroskopicheskaia i nekotorye, fizicheskie svoistva pochvy] : Nauchn.-
Agron. Zhur., v. 4, p. 307-319.

The amount of water unfrozen at —3°C increases with an increase in hygro-

scopic moisture and soil in solution.—From SIPRE 8618.

1946, The bound water in soil [Sviazannaia voda pochv i gruntov]: Akad.
Nauk SSSR, Inst. Merzlotovedeniia im. V. A. Obrucheva Trudy, v. 3, p. 5~
138.—See SIPRE 11880.

Anisimova, N. P,, 1956, Chemical composition of the deep underground water of
central Yakutia [O khimicheskom sostave podzemnykh vod nekotorykh
glubokikh gorizontov na territorii tsentral’noi IAkutii]: Akad. Nauk SSSR
Inst. Merzlotovedeniia, Materialy k osnovam ucheniia o merzlykh zonakh
zemnoi kory, no. 3, p. 123-125.

Permafrost effects on ground-water composition were studied in two regions
differing in geological and permafrost conditions. Chemical analyses were made
of water obtained from depths as great as 2,015 m in the Vilyuy region and
1,400 m in the Olekma region. Permafrost caused low mineralization of the
water; its content of dissolved solids remained below 0.45-0.65 grams per liter
even at depths of 1,845-2,015 m.—From SIPRE 14079.

1957, Chemical composition of ground water and certain rules for its finctua-
tion under circulating conditions in eternally frozen ground in the central
region of the lower Lena River [Khimicheskii sostav podzemnykh vod i
nekotorye zakonomernosti ego izmeneniia v usloviiakh rasprostraneniia
mnogoletnemerzlykh porod raion srednego techeniia R. Leny]: Akad. Nauk
SSSR IAkutsk.
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Armstrong, T. E, 1948, Recent Soviet research on permanently frozen soil:
Polar Rec,, v. 5, no, 35-36, p. 217218,
Summary of results of research on application of electrical prospecting
methods to study of thickness of the active layer and of permafrost thickness by
Enenshtein (1947) and Petrovskii and Dostovalov (1947).

Armstrong, T. E.,, and Roberts, Brian, 1958, Illustrated ice glossary, part 2:
Polar Rec., v. 9, p. 90-96.

Avsiuk, G. A, Markov, K. K., and Shumskii, P. A., 1956, Geographical investiga-
tions in an antarctic “oasis” [Geograficheskie issledovaniia v antarkti-
cheskom “oazise”]: Vses. geog. obshch. Izv., v. 88, p. 316-350.

Permafrost has been found everywhere in the oasis (a glacier-free area of
Antarctica) ; depth of thaw in summer reaches 25-40 cm in moist soil and
85-100 cm in dry soil. Icing mounds 0.5-1.0 m high and 2-3 m in diameter
have been found only in depressions wet with ground water.—From SIPRE
14498,

Bader, F. F., 1935, Permafrost in southwestern Transbaikalia [Merzlota v iugo-
zapadnom Zabaikal’e] : Gos. geog. obshch. Izv,, v. 67, no. 2, p. 258-260.

The Tugnuia basin, located on the right bank of the Selenga River between
long 107° 35’ and 108° 40’ E. and lat 52° 30’ and 50° 50’ N., consists of flood
plains, terraces, bedrock hills, and mountains with an average elevation of 750 m
above sea level. Well drilling in 1934 indicated permafrost at depths ranging
from 0.25 on the flood plain of the Tugnuia River to 645 m on well drained
terraces. The lower limit of permafrost did not exceed 11.5 m in depth. The
permafrost layer was interlaced with ice, sludge, and unfrozen sand, and its
thickness is estimated to be about 5 m.—From SIPRE U-1719.

Bakakin, V. P., 19592, Characteristics of mining in permafrost areas and areas
with deep winter freezing [Osobennosti gornogo dela v oblasti rasprostra-
neniia merzlykh porod i glubokogo zimnego promerzaniial, in Materialy po
inzhenernomu merzlotovedeniiu: Akad. Nauk SSSR, Inst, Merzlotovedeniia,
p. 129-136.

Difficulties in mining are most often encountered in the upper permafrost
layers because of changes in strength of the ground and disturbance of the
natural water regime. Three vertical zones are recognized, each with mechan-
ical and hydrological characteristics that affect mining operations: (1) surface
layer of Quaternary deposits, (2) zone of fissured or fractured bedrock, and
(3) the transition zone to subpermafrost levels.—From SIPRE 17902,

1959b, Features of mining in deeply frozen ground [Osobennosti proi-
zvostva gornykh rabot v meschnoi telshche merzlykh porodl, pt. 1, chap. 7
of Osnovy geokrilogii (Merzlotovedeniia), Akad Nauk SSSR, Inst. Merzlo-
tevedeniia, p. 219-230.—See SIPRE 17840.

1959¢, Mine construction and exploitation in the Pechora coal basin [Usloviia
stroitel’stva i ekspluatatsii gornykh perdpriatii v Pechorskom ugol’'nom
basseine], Sovesch. po ratsional’nym sposobam fundamentostroeniia na
vechnomerzlykh gruntakh, Vorkuta 1957, Trudy: Moscow, Gosstroizdat.

Among the mining problems of the region is flooding of shafts.—From SIPRE
17991,
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Bakakin, V. P., and others, 1958, Excavation and exploitation of mine shafts in
the Pechora Coal Basin [Prokhodka i ekspluatsiia shakhtnykh stvolov v
Pechorskom ugol’nom basseine] : Akad. Nauk SSSR, Inst. Merzlotovedeniia,
Materialy k osnovam ucheniia o merzlykh zonakh zemnoi kory, no. 4,
p. 195-215.

Among the mining difficulties is a peculiar distribution and circulation of
ground water.—From SIPRE 18425.

Ball, D. G., and Nichols, R. L., 1960, Saline lakes and drill-hole brines, McMurdp
Sound, Antarctica : Geol. Soc. America Bull, v. 71, no. 11, p. 1793-1798.

A small shallow lake a few hundred yards long is underlain by 3 ft of fine-
grained lake sediments which rest on glacial till and marble bedrock. The lake
is dry in summer, but ground water 2 £t below the lake bed had a high concen-
tration of NaCl, MgCl., and CaCQOs. After the snow melts the lake is not
saline, but summer evaporation and winter freezing concentrate the salt to form
a residual brine that remains unfrozen most of the winter.

A hole was drilled beneath the lake into marble. Ground temperatures in
February 1958 were 32°F at the surface; 16°F at 10 ft; 3°F at 20 ft; —3°F
at 30 ft; —4°F at 40 ft; and —3°F at 50 f£t. At the bottom of the hole a
highly concentrated brine was encountered in which the constituents were
measured as follows: pH 6.4; alkalinity as CaCO; 5,500 ppm ; hardness as CaCOs
128,000 ppm; Ca 27,200 ppm; Mg 14,400 ppm; and Cl 137,000 ppm. A saline
solution in an earth-filled joint at a depth of 12 ft is believed to have run
down into the hole, becoming more highly concentrated as it became partially
frozen on its descent, until the residue had the concentration shown above.
A mechanism for movement of a saline solution through an ice-filled crack in
frozen ground is discussed.

Baranov, L. TA., 1934, Some notes concerning the characteristics of subterranean
waters of sporadic permafrost, northern Bratsk, East-Siberian region [Neko-
torye zamechaniia k kharakteristike podzemnyk vod raiona ustoichivoi
merzloty sporadicheskogo tipa, S. Bratsk Vostochno-Sibirskogo Kraia]:
Vodny bogatstva nedr zemli na sluzhbu sotsialisticheskomu stroitel’stvu,
Pervyi Vses. Gidrolog. 8”ezd, Sbornik 4, p. 181-198.

The distribution of water in the active layer and water levels in wells are

tabulated.—From SIPRE U-4910.

1938, Methods of mapping permafrost [0 metodike sostavleniia merzlotnykh
kart]: Akad. Nauk SSSR, Kom. vechnoi merzlote Trudy, v. 6, p. 107-125.
[English summary.]

Engineering and hydrogeological surveys of Transbaikalia should include
semidetailed and detailed maps showing the extent, continuity, and thickness of
permafrost, areas of talik and sporadic permafrost, and areas lacking perma-
frost. The maps are to be based on examination of test pits, drilled holes, and
other conventional field methods.—From SIPRE U-1786.

1940, Ground water in the region of the southern border of permafrost
[Podzemnye vody iuzhnoi okrainy oblasti mnogoletnei merzloty]; Lenin-
grad, Sbornik Gidrogeologiia SSSR, v. 17, no. 2.

1959a, Geocryological [permafrost] map of the USSR [Geokriologicheskaia
[merzlotnaia] karta SSSR,] in Materialy po obshchemu merzlotovedeniiu :
Akad. Nauk SSSR, Inst. Merzlotovedeniia, p. 57-71.
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The map, at a scale of 1: 5,000,000 is based on material collected over the last
25-30 yr and from the literature—From SIPRE 17931.

1959b, Geographical distribution of seasonally and perenially frozen ground
[Geograficheskoe rasprostranenie sezonno-promerziaushchikh pochv i mno-
goletnemerzlykh gornykh porod], pt. 1, chap. 7 of Osnovy geokriologii
(Merzlotovedeniia) : Alad. Nauk SSSR, Inst. Merzlotovedeniia, p. 193-218.
Permafrost is found over large areas of Eurasia, North America, Greenland,
Iceland, and the North Pacific Islands, and in high mountain regions of the
world, where it is considerably lower than the snow line in middle and high
latitudes but is above snow line in the equatorial zone. Maps show distribution
of permafrost temperature in the various geographic zones of the USSR as
well as areas covered with continuous permafrost, continuous permafrost with
talik, and island permafrost on each continent.—From SIPRE 17917.

1959¢, The subject matter and situation of general geocryology [general perma-
frostology] and its immediate tasks [Soderzhanie sostoianie obshchei geo-
kriologii [obshchego merzlotovedeniia] i ee zadachi na blizhaishee budush-
chee], in Materialy po obshchemu merzlotovedeniiu: Akad. Nauk SSSR,
Inst. Merzlotovedeniia, p. 43-56.

Geocryology comprises the study of the composition, structure, and properties
of frozen ground, the general and particular geophysical laws governing the
formation and distribution of seasonally and permanently frozen ground, and
the history of permafrost, and is closely related to the geological and geographical
sciences. Modern geocryology suffers from slipshod work and rough empiricism,
which can be corrected only by a strict approach to theoretical problems. Serious
difficulties have arisen from lack of well-founded qualitative studies, so that the
main theoretical problems, lacking a physical basis, are confined to the mor-
phology and morphometry of frozen ground. The thermodynamic nature of
frozen ground and cryogenic processes is most in need of study. More attention
should be paid in the future to the composition and structure of frozen ground,
the accumulation of unconsolidated deposits, their freezing, and physiography.—
From SIPRE 17930.

1960, Certain problems of the history of permafrost on the Kola Penin-
sula [Nekotorye voprosy istorii mnogoletnemerzlykh tolshch na Kol’skom
poluostrove] : Akad. Nauk SSSR, Inst. Merzlotovedeniia im. V. A. Obrucheva
Trudy, v. 16, p. 79-80.

A discussion of the evidence for more severe permafrost conditions on the Kola
Peninsula, 2,500-3,000 yr ago.—From SIPRE 18316.

Barksdale, W. L. See Black, R. F., 1948,

Barnes, D. F.,, and MacCarthy, G. R., 1956, Tests of geophysical prospecting
techniques in areas of sporadic permafrost in interior Alaska [abs.]:
Alaskan Sci. Conf., Tth, Juneau 1956, Proc., p. 41; Geol. Soc. America Bull,,
v. 67, no. 12, pt. 2, p. 1805.

Tests were made of resistivity and seismiec refraction techniques in prospect-
ing for ground water near Fairbanks, Big Delta, and Tok. The seismic refrac-
tion method proved excellent for detecting permafrost and mapping its upper
surface, but was not successful in mapping the lower boundary of permafrost
or the upper surface of bedrock. Resistivity techniques were fairly reliable
in indicating the presence of permafrost and estimating its thickness; lack of
adequate interpretation curves and the effects of severe lateral variations in
surface resistivity limited the accuracy of depth measurements.
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Barnes, D. F., and Taylor, L. D., 1958, Some preliminary results of study of a
permanently frozen lake in Greenland [abs.]: Alaskan Sci. Conf., 9th, Col-
lege 1958, Proc., p. 69-70.

Anguissaq Lake, 50 miles north of Thule, has maintained a 6- to 13-ft cover
of ice for at least 10 yr.

Barnes, F. F. See Cederstrom, D. J., 1950.

Barnes, L. C., 1946, Permafrost, a challenge to engineers: Mil. Engineer, v. 38,
p. 9-11.

In this summary of permafrost conditions and the Army’s program of inves-
tigation, ground water is cited as a hazard, especially if in motion, for it carries
heat and may thaw frozen ground. Ground-water conditions and its effect on
the thermal regime of permafrost must be carefully considered in planning
construction projects.

Baskov, E. A,, 1959, Underground waters of Yakutia’s artesian basin and some
possibilities for their praectical utilization [Podzemnye vody IAkutskogo
artezianskogo basseina i nekotorye vozmozhnosti ikh prakticheskogo
ispol'’zovaniial Leningrad, Vses. geol. inst. Materialy, new ser., Materialy
geol. geomorfol. Sibirskoi platformy, no. 24, p. 125-142,

A review of investigations and of geologic factors affecting ground water in
the entire Yakut ASSR, including a schematic hydrochemical profile of the

artesian basin.—From Arctic Bibliography 56776.

Baskov, E. A, See Maksimov, V. M., 1958.

Bateman, A. M., and McLaughlin, D. H., 1920, Geology of the ore deposits of
Kennecott, Alaska : Econ. Geology, v. 15, no. 1, p. 1-80.

Temperatures in the upper levels range from 30° to 32°F in midsummer and
in the two lowest levels from 81° to 32°F. Ice forms in pools and occurs as coat-
ings on the workings and as fissure fillings. There is no circulation of water
in the mines. Waters were prevented from completing oxidation of the depos-
its by becoming frozen during the Glacial Period to form “fossil groundwater,”
which occurs as ice fillings in most mine levels. In the two lowest levels of
Jumbo mine and in the lowest one of Bonanza mine are open cavities and frac-
tures, abundant dust, and considerable oxidation. It is concluded that the
upper frozen ground which contains ice represents water trapped by the freezing
process, whereas the dry zone (below 32°F') at depth represents ground from
which the water had been drained before penetration of the freezing. The
oxidation is thus prefreezing or preglacial age and took place during the period
of rapid erosion that immediately preceded “Glacial” time.

Bateman, J. D., 1949, Permafrost at Giant Yellowknife: Royal Soc. Canada
Trans., v. 43, ser. 3, sec. 4, p. 7-11.

Permafrost, which is not present in outcrops, extends to a depth of 280 ft
where the thickness of the overlying lacustrine clay approaches 60 ft. The clay
overburden is regarded as an insulating blanket that has preserved ancient
permafrost, and was deposited during a late glacial or Recent high level of
Great Slave Lake. The age of the permafrost, therefore, is greater than that of
the overburden, and is late glacial or interglacial.—From author’s conclusions,
p. 11,

Baulin, V. V. See Ananian, A. A., 1960.
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Beechey, F. W., 1831, Narrative of a voyage to the Pacific and Berring’s Strait:
London, H. Colburn & R. Bentley, v. 1, pt. 1 of 2 parts, 742 p.
Reexamination of the ice cliffs at Eschscholtz Bay, Kotzebue Sound Region,
Alagka, shows that the ice is a surface coating formed by recrystallization of
snow banked against the cliff or accumulated in hollows or formed by freezing
of the water that flows over the edge of the cliffs.—From Maddren, 1907.

Beliakova, E. E. See Zaitsev, 1. K., 1956.

Benninghoff, W. S., 1952, Interaction of vegetation and soil frost phenomena:
Arctic, v. 5, no. 1, p. 3444.

Distribution of permafrost beneath a river flood plain is sketched. Spruce-
covered cut banks are underlain by permafrost at shallow depth, but river chan-
nels and bars are lacking in permafrost or have a deep permafrost table. Ground
which permits the greatest degree of water penetration usually thaws ‘to the
greatest depth each summer, but root systems tend to restrict ‘the downward
penetration of water.

Benninghoff, W. S. See also Holmes, G. W., 1957.

Beskow, Gunnar, 1935, Soil freezing and frost heaving (Tjilbildningen och
tjillyftningen) : Sveriges Geol. Undersik., ser. C, no. 375, 242 p.; translated
by J. O. Osterberg, with special supplement covering progress from 1935 to
1947: Evanston, 111, Northwestern Univ., Tech. Inst., Nov. 1947, 145 p.

In this fundamental study of the freezing process in soils, the subjects discussed
are mechanics of soil freezing, the prccess of frost heaving, hydrodynamic con-
siderations of frost heaving, and temperatures in frozen ground.

Bilibin, IU. A, 1987, Active and passive permafrost [Ob aktivnoi i passivnoi
vechnoi merzlote] : Gos. Geog. 'obshch. Izv., v. 69, no. 3, p. 409-411.

The author’s investigations do not permit full acceptance of either of the two
opposing theories on the origin of permafrost: (1) that it is a product of the
climate of some distant epoch and is now gradually and constantly degrading,
and (2) that it is the direct result of present-day climatic conditions. Instead
permafrost is either active—corresponding to present-day climate—and is re-
generated when artificially destroyed, or passive—the product of former cli-
mates—and is not reformed once destroyed. Passive permafrost is found in the
southern areas of the permafrost region, and active permafrost is found in the
north, Permafrost may also be divided in some areas into vertically zoned active
and passive permafrost, the lower passive layer being formed during the maxi-
mum development of permafrost, and the upper active layer being that which
is stable under present-day climate.—From abstract by E. A. Golomshtok;
SIPRE U-801.

Billings, C. H., 1958, Protecting underground utilities located in arctic regions:
‘Water and Sewerage Works, v. 100, no. 11, p. 441-447.

Ground water occurs above, within, or beneath permafrost; the water below
permafrost is like that in other climatic regions and is the most dependable
source of supply. The water within permafrost is in passages like those in lime-
stone and is generally under pressure, because the free level of its source is
likely to be that of a lake or stream above ground. The water above perma-
frost in summer moves by gravity, percolating down the slope of the frost table;
in winter, when the water begins to freeze, it becomes confined and moves under
pressure. If under sufficient hydrostatic head, the water may burst through
the top of the ground to form icings.

735-894—65——4
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Black, R. F., 1950, Permafrost, in Trask, P. D., Applied sedimentation: New York,
John Wiley & Sons, chap. 14, p. 247-275.

Definitions, summaries of terminology, distribution, character, temperature,
relation to terrain features, origin, and geologic, engineering, and biologic signifi-
cance of permafrost are given.

Large year-round supplies of water in the continuous-permafrost zone are
found only in deep lakes or large rivers which do not freeze to the bottom in
winter. In the U.S.S.R. artesian water has been found beneath 700 to 1,500 ft
of permafrost. In the discontinuous-permafrost zone large supplies of ground
water are found perched on top of permafrost or in unfrozen zones within or
beneath the permafrost. Water-supply problems in the sporadic-permafrost zone
are comparable to those of the temperate regions. Quality of water is generally
inferior to that of temperate regions.

1951, Permafrost: Smithsonian Inst. Ann. Rept. 1950, p. 273-301. See annota-
tion, Black, R. F., 1950.
1953, Permafrost—a review: New York Acad. Sci. Trans., ser. 2, v. 15, p.
126-131. See annotation, Black, R. F., 1950.
1954, Permafrost—a review: Geol. Soc. America Bull,, v. 65, p. 839-856. See
annotation, Black, R. F., 1950.
1956, Permafrost as a natural phenomenon, in The Dynamic North : U.S. Navy,
Tech. Asst. to Chief of Naval Operations for Polar Projects (OP-03A3), book
I1, table 1,25 p. See annotation, Black, R. F., 1950.
1957, Some problems in engineering geology caused by permafrost in the
Arctic coastal plain, Northern Alaska: Arctic, v. 10, no. 7, p. 230-240.
Potable ground water is absent except in the beds of larger rivers and lakes.
Shallow wells have encountered only saline water within and below permafrost.
Potable water is trapped on permafrost in many lakes of the coastal plain.
Lakes deeper than 6 £t do not freeze to the bottom and may provide a limited
supply of water throughout the year. Very limited quantities of water may be
obtained in summer from the active layer and from some of the offshore bars,
but the water contains organic material and dissolved salts.

1958, Permafrost, water-supply, and engineering geology of Point Spencer spit,
Seward Peninsula, Alaska : Aretie, v. 11, no. 2, p. 102-1186.

Point Spencer is the northern tip of a spit that separates Port Clarence from
the Bering Sea and is located 69 miles northwest of Nome. Gravel and sand
that compose the spit deposits are perennially frozen and cemented with ice;
frozen ground underlies most of the area and extends several feet beyond the
shore. In many places there is more ice than normal pore space in the sedi-
ments. The top of permafrost generally parallels topographic form. The base
of permafrost determined in two wells was 12,5 and 17 £t below the surface, or
7.5 and 8 ft below sea level; the base of permafrost probably conforms roughly
to topography. An icing mound 30 ft in diameter was underlain by a lens of
ice 1 ft thick; polygonal patterns on the older part of the spit seem analogous
to ice-wedge polygons elsewhere in the Arctic, but they were not investigated.

Fresh water is derived from rain and snow melt and is trapped as perched
ground water in irregularities on the top of the permafrost. In winter much
of the water is frozen. Water is most abundant in the borrow pits excavated in
permafrost between the runway and Port Clarence, and in fresh-water ponds
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near the southern end of the runway. Permafrost rises under the barrier ridges
along the edge of the spit to form a dam about 2 ft above sea level ; this dam of
permafrost prevents fresh water from flowing to the sea and prevents sea water
from polluting the fresh water on the spit. Fluctuations in water level are as
much as 1.2 f£t, the higher levels following periods of relatively heavy precipita-
tion. Decline in water levels from June to October, 1945, closely parallels the
annual melting of the active layer, and resultant lowering of the frost table.
Fresh water near the margins of the spit is contaminated by sea water during
storms, when salt water tops the low permafrost dams under the barrier ridges;
but the fresh ground water perched on permafrost in the center of the spit is
generally uncontaminated. The water level in the center of the spit, however,
is commonly raised during storms when outflow of fresh water is dammed by salt
water along the edges of the spit.

Two wells, one 298 ft deep, do not show any source of fresh water beneath
permafrost. When the bottom of the permafrost was pierced, salt water rose
in the wells to approximate sea level, at depths of 5 and 9 ft, respectively.
Because of strong winds, much of the snow that would otherwise replenish
ground-water supplies upon melting is lost; a means for trapping the snow in
protected water-supply areas should be undertaken. Construction of shallow
pits bordered by earth ridges would allow water to collect beneath the pits and
to be held by permafrost beneath the ridges; however, care must be taken not
to allow permafrost to thaw beneath the pits.

Black, R. F., and Barksdale, W, L., 1948, Terrain and permafrost, Umiat area,
Alaska: U.S. Geol. Survey, Permafrost Program Prog. Rept. 5, 23 p,
pub. by Engineer Intelligence Div., Office, Chief of Engineers, U.S. Army.

Umiat is on the Colville River flood plain which is bordered by a high terrace
and bedrock hills. Permafrost extends to a depth of at least 911 £t in Umiat
test well 1, in the bedrock hills, 4 mileg northwest of Umiat. One of five seismic
shotholes drilled in the flood plain west of the river between the old and new
camps encountered an unfrozen waterbearing zone at a depth of 13-18 ft that
may be a lateral extension of an unfrozen zone beneath the river. The extent
of the unfrozen zone is unknown, but water flows throughout the winter under
the river ice. The parts of the river that are more than 5 £t deep offer a good
source of water, and wells in the unfrozen gravel would provide a supply free
from interruption by floods and free from sediment carried during periods of
high water.

1949, Oriented lakes of northern Alagka : Jour. Geology, v. 57, no. 2, p. 105-118.
Shallow unfrozen zones occur under the larger streams and below some of
the deeper lakes.
Black, R. F. See also Wahrhaftig, Clyde, 1958.

Bobov, N. G., 1960, Pingo formations under modern conditions in the watershed
between the Lena and Vilyui Rivers: Akad. Nauk SSSR Izv., Ser. geog.,
p. 6449. [Russian.]

Bogdanov, N. V., 1912, Perennially frozen ground and construction on it (Vech-
naia merzlota i soorusheniia na nei) : St. Petersburg.
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Bonchkovskii, V. F., and Bonchkovskii, IU. V., 1937, The study of the applicability
of the seismic method for the determination of the depth at which the upper
surface of permafrost is found (Issledovanie primeninosti seismicheskogo
metoda k opredeleniiu glubiny zaleganiia verkhnego zerkala merzloty) :
Akad. Nauk. SSSR, Kom, izucheniiu vechnoi merzloty Trudy, v. 5, p. 131-163.

The seismic method is applicable for determining the upper surface of perma-
frost, especially in water-permeable ground, but is probably of little value in
permafrost of rock composition.—From SIPRE U-760.

Bonchkovskii, IU. V. See Bonchkovskii, V. F., 1937.

Borkhov, V. S., 1950, Blectrical exploration in permafrost regions [Elektro-
razvedka v usloviiakh vechnoi merzloty], in Inzhenerno-geologicheskie
issledovaniia dlia gidrolekhnicheskoga stroitel’stva, p. 179-180: Vses. Gos.
Trest Gidroenergoproekt and Mosk. Geol.-Razveka Inst., v, 2, Moscow, Gos.
Izd., Geologicheskoi literatury.

Bostock, H. S. See Reed, J. C., 1954.
Boyd, J. W. See Boyd, W. L., 1959.

Boyd, W. L, and Boyd, J. W., 1959, Water supply problems at Point Barrow:
Am. Water Works Assoc. Jour, v. 51, no. 7, p. 890-896.

Attempts to utilize ground water at Point Barrow, Alaska, have been unsuc-
cessful. Drilling during exploration for oil in the Naval Petroleum Reserve
produced subpermafrost water with a salinity of several thousand parts per
million. Treatment of lake water, used as a supply, is necessary because the
concentration of minerals in unfrozen water increases with increased ice
thickness.

Boyle, R. W., 1955, Permafrost, oxidation phenomena, and hydrogeochemical
prospecting in the Mayo area, Yukon [abs.]: Alaskan Sci. Conf., 6th, College
1955, Proc., p. 74-75; Geol. Soc. America Bull.,, v. 66, no. 12, pt. 2, p. 1701.

Permafrost distribution in the Mayo area is patchy, depending on the eleva-
tion, hillside exposure, depth of overburden, amount of covering vegetation, and
presence of moving underground and surface waters. Ice veins in faults and
ore veins have been observed to depths of 300 ft or more in the mines. Much
of the oxidation in some veins took place before formation of permafrost because
ice veins now occupy solution channels followed by meteoric waters during
early phases of the oxidation. Elsewhere, meteoric waters now circulating be-
low areas sealed by permafrost and in areas free of permafrost are causing
oxidation. The study shows that hydrogeochemical prospecting is a valid
method in some permafrost areas.

Boyle, R. W,, Hllsley, C. T., and Green, R. N., 1955, Geochemical investigation of
the heavy metal content of stream and spring waters in the Keno Hill-
Galena Hill area, Yukon Territory: Canada Geol. Survey Bull. 32, 34 p.

The area described is in a region of permafrost which is patchy in its distri-
bution, its presence depending on elevation, hillside exposure, depth of over-
burden, amount of vegetation, and movement of ground and surface waters.
Most of the northern slopes are underlain by permanently frozen ground, but
southern slopes are generally free of frozen ground. On Keno Hill, most mine
workings on the summit and northern slopes were coated with frost to a
maximum depth of 400 ft, but those on the southern slope encountered no
permafrost. On Sourdough Hill, frost and ice veins were encountered in mine
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workings to a depth of 250 ft; on Galena Hill, permafrost has been reported
to depths of 200 £t or more.

Melt water in the active layer and from rain and snowmelt percolating
through talus deposits emerges as springs from fractures and faults in rock
bluffs and at the heads of gulches. Water below permafrost seeps from veins
and faults into most of the mine workings. The water in the faults and
fractures probably has entered the ground where permafrost is absent. The
flow of most springs depends on amount of rainfall, rate of melting of the
snowfields, and rate of thawing of the active layer. Springs issuing from
fractures and faults have constant flow.

The presence of permafrost does not seem to affect the common oxidation
phenomena and production of soluble salts of the heavy metals; in some areas,
however, the veins appear to be sealed and do not contribute heavy metal to
ground and surface waters. Patchy distribution of permafrost allows oxygen-
bearing water to enter the fractures at higher elevations and to issue at lower
elevations, carrying dissolved heavy metal. In areas known to have permafrost,
the upper part of the veins is apparently thawed sufficiently to allow circulating
near-surface waters to remove traces of heavy metals.

Boyle, R. W,, Pekar, E. L., and Patterson, P. R., 1956, Geochemical investigation
of heavy metal content of streams and springs in the Galena Hill-Mount
Haldane area, Yukon Territory: Canada Geol. Survey Bull. 36, 12 p. See
annotation, Boyle, R. W,, Illsley, C. T., and Green, R. N., 1955.

Brandon, L. V., 1960, Northern settlements; No. 1, Preliminary notes: Canada
Geol. Survey Topical Rept. 28, 29 p.

A study of ground-water conditions at most of the settlements in the District
of Mackenzie, Northwest Territories, was made in 1960 as part of a study of
the occurrence of ground water in the permafrost regions of Canada. Most of
the Paleozoic dolomite and limestone in the western Great Slave Lake region
and Mackenzie Valley are aquifers containing water that is high in salt and sulfur.
Precambrian rocks are satisfactory aquifers for domestic supplies only where
fractured. The best aquifers are sand and gravel of alluvial and glacial de-
posits. Permafrost, where continuous and deep north of the Arctic Circle makes
utilization of wells difficult. In relatively thin permafrost little heat is re-
quired from the water in the aquifer, or from a built-in heating unit, to keep
the well open. Wells offer a potential means of supplying water where surface
water has high turbidity, or requires expensive intakes, flltration, plants, or
pipelines.

Bratsev, L. A., 1940, Permafrost in foreign countries [Vechnaia merzlota v
zarubezhnykh stranakh]: Akad. Nauk SSSR, Fondy Inst, Merzlotovedniia
im, V., A. Obrucheva. [Manuscript report.]

1945, Mine shaft construction under permafrost conditions of the Vorkuta coal
basin [Shakhtnoe stroitel’stve v usloviiakh vechnoi merzloty Vorkutskogo
kamennovgolnogo basseinal [abs.]; Akad. Nauk SSSR, Otdel. geol-geog.
nauk, p. 120.

In a study of 20 shafts sunk from 1937 to 1944 special attention was given to

the permafrost and hydrogeological conditions of the region.—From SIPRE
U-922.

‘
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Brewer, M. C.,, 1955a, Geothermal investigations of permafrost in Northern
Alaska [abs.] : Am. Geophys. Union Trans., v. 36, no 3, p. 503.

Maximum depth of permafrost is 1,330 £t, and the minimum temperature is
—10.6°C, recorded below the depth of seasonal temperature fluctuation
(70-100 £t). Lakes deeper than 7 ft do not freeze to the bottom in winter and
may have an unfrozen zone approaching several hundred feet in depth beneath
them. Frozen ground within the upper 100 £t of depth probably does not extend
outward more than a few tens of feet from the shore of the Arctic Ocean, although
frozen ground may be present at greater depths.—From author’s abstract.

1955b, Preliminary interpretation of ice, water, and bottom temperature data
in the Arctic Ocean near Barrow, Alaska [abs.]: Am. Geophys. Union Trans,,
v. 36, no. 3, p. 503.

Thermal measurements were made within the ice and in the underlying water
of the Arctic Ocean, and measurements were made to a depth of 310 ft below
the ocean bottom. Water temperatures beneath the ice near shore do not vary
by more than 0.2°C during winter. No correlation is apparent between the ice
temperature and the salinity of the sea ice. Data indicate that the sediments
beneath the ocean bottom at a distance of 400 ft from shore should be frozen
if they contain fresh water. If the formations contain sea water, they should
not be frozen even though they would be classed as permafrost by definition.—
From author’s abstract.

'1958a, The thermal regime of an arctic lake: Am. Geophys. Union Trans.,
v. 389, no. 2, p. 278-284.
Permafrost underlies the shallow lakes, but an unfrozen basin several hundred
feet deep may extend beneath the deep lakes.

1958b, Some results of geothermal investigations of permafrost in northern
Alaska: Am. Geophys. Union Trans., v. 39, no. 1, p. 19-26.

Depth of permafrost varies with latitude, length of seasons, surface cover,
proximity to the ocean, and distribution of rivers and large lakes that do not
freeze to the bottom. Depth of permafrost decreases from 1,330 ft 8 miles
from the ocean to indicated depths of 1,045 ft at a point 1,200 ft from the sea,
and 670 ft at a point 400 £t from the ocean; the latter depths are slightly
modified by nearby lakes. Permafrost temperature increases rapidly toward
the ocean. At a point 390 £t from land, data suggest that permafrost is present
to more than 400 ft below the sea bottom. Ocean bottom temperatures are
below 0°C until ocean depths of 500-1,000 £t are reached, and therefore perma-
frost must extend seaward to ocean depths of 500-1,000 ft. The driller’s log
of the hole drilled in the ocean floor indicated no frozen material to 100 £t and
the possibility of frozen ground from 100 to 205 ft and the unfrozen layers
from 205 to 326 ft below the ocean floor. However, all the formations but the
upper few feet have temperatures below 0°C, and are by definition perennially
frozen.

Lakes are divided into two groups: (1) those that are 2-3 £t deep and freeze
to the bottom in winter, and thaw to a few feet beneath their beds each summer,
and (2) those that are 6-9 ft deep, do not freeze to the bottom each winter,
and have much deeper thawed zones beneath their beds. Lakes having a diame-
ter of half a mile and a depth of at least 7 £t may have thawed basins beneath
them to a depth of 200 ft or more. If the lakes are underlain by sand or
gravel of favorable water-bearing characteristics, they could provide a small year-
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round supply of fresh water. Within 5 miles of the coast, the sediments beneath
such lakes may contain saline water.

Permafrost temperatures beneath small rivers that freeze to the bottom each
winter are modified by the warming action of river water. Drilling on a bar
along the Shaviovik River and at sites one-quarter mile on either side of the
river show that the river produced a 3°C warming of permafrost temperature
to a depth of 135 ft. Temperatures of these holes are expected to converge with
the normal permafrost temperature gradient at greater depth.

The best year-round water source in the Arctic is an uncontaminated lake
or stream, having a minimum depth of at least 7 or 8 ft.

Brewer, M. C. See also Greene, G. W., 1960.

Broadwell, J. A, 1945, How CAA engineers meet construction problems north
of the Arctic Circle: Pacific Builder and Engineer, v. 51, no. 4, p. 55-56.

The Civil Aeronautics Administration airstrip at Kotzebue, Alaska, is on a
sandy beach ridge about 50 £t from Kotzebue Sound. Fresh water was obtained
by digging a shallow well only 100 £t from the sound. Water level in the well
was 5 or 6 ft below sea level. Permafrost between the site of the well and the
sound formed a barrier to encroachment of salt water. Softening and chlorina-
tion of the well water was necessary. At Shungnak, Alaska, a well was dug
less than 100 ft from the riverbank of the Kobuk River. The well passed from
sandy soil into gravel, but it was entirely in frozen ground. No water was
found at least 15 £t below the level of the river. The hole was filled with gravel
and converted into a cistern into which river water was pumped.

Brodskii, A. A, 1936, Water supply investigations in eastern Siberia [Osnovnye
rezultaty gidrogeologicheskikh issledovanii dlia vodnosnabzheniia 1934 i1 1935
gg] : Tashkent, Za nedra srednei Azii, no. 1, p. 7-10.

Brooks, A. H,, 1904, Placer mining in Alaska in 1903: U.S. Geol. Survey Bull.
225, p. 43-59.

Drift mining in high bench gravels on the divide between Anvil, Dexter,
and Dry Creeks near Nome showed that the deposits, 40-200 ft thick, are usually
frozen sufficiently that timbering is not required. The workings are practically
dry and do not require pumping.

1907, The Circle precinct [Alaska]: U.S. Geol. Survey Bull. 314-K, p. 187-204.

On Harrison Creek the gravel deposits are not frozen, and water circulates
freely throughout the year. Creek-valley alluvium along Eagle Creek is 8-20
£t thick, of which 5-15 ft is muck; the gravel is not frozen and contains freely
circulating water all winter. Similar water-bearing unfrozen zones occur in the
alluvial deposits on Deadwood Creek.

1908, The mining industry in 1907 [Alaska]: U.S. Geol. Survey Bull. 345-A, p.

30-53.

A discussion of developments in placer mining districts includes depths of
shafts on Nolan Creek in the Wiseman area (125 ft), Gains Creek (20-31 ft),
Goldhill near Tanana (119 ft), and Smallwood Creek near Fairbanks where the
pay streak lay at a depth of 320 £ft. On lower Deadwood Creek, Circle district,
prospect pits 1420 ft deep in unfrozen ground failed to reach bedrock. On
Gains Creek, unfrozen gravel beneath the creek bed was 15-20 ft thick and
contained “live water” that made prospecting difficult. Hot springs at Baker
and Kuzitrin are potential sources of water for irrigating gardens and for
bottled mineral water.
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Brooks, A. H., 1909, The mining industry in 1908 [Alaska]: U.S. Geol. Survey
Bull. 379-A, p. 21-62.

Winter prospecting on Deadwood Creek, Circle district, was hindered because
seasonal frost did not penetrate to bedrock until February ; until that time ground
water prevented prospecting by shaft sinking. 'Some potential dredge ground
in the Birch Creek area is 12-40 ft thick and partly unfrozen. Prospect shafts
in alluvium less than 8 ft thick on Loper Creek, Preacher Creek drainage, lack
permafrost.

1911, The Mount McKinley region, Alaska, with descriptions of the igneous
rocks and of the Bonnifield and Kantishna districts, by L. M. Prindle: U.S.
Geol. Survey Prof. Paper 70, 234 p.

On the south side of the Alaska Range the ground is generally unfrozen.
North of the range it is nearly everywhere frozen beneath 1-2 ft of soil and
humus. Permafrost commonly extends to bedrock in areas of undrained alluvial
deposits. ‘Where loose gravel is found, however, the material may be unfrozen.

1912, The mining industry in 1911 [Alaska]: U.S. Geol. Survey Bull. 520-A,
p. 17-44,

At the Newsboy mine, located near the divide between Cleary Creek and Little
Eldorado Creek, Fairbanks district, holes were drilled for water. The mill was
supplied by water from the 315-ft shaft. In the Chandalar district a 286-ft shaft
was dug on Crooked Creek, a tributary of Chandalar River, and another was dug
172 £t deep on Mammoth Creek.

1914, The Chisana placer district [Alaska]: U.S. Geol. Survey Bull. 592-I,
p. 309-320.

Placer deposits on Little Eldorado Creek in 1913 consisted of unfrozen gravel
about 4 ft thick. Attempts to dig shafts in the deep gravel deposits of Chapolda,
Chatenda, and some other creeks, were thwarted by flowing ground water at
depth.

1915, The Alaskan mining industry in 1914: U.S. Geol. Survey Bul. 622-

A, p. 15-68.

Gravel in the channel of Otter Creek, Iditarod district, is unfrozen, but the
right bank is mostly frozen, especially in its upper 5-10 ft which is composed
of muck. The ground on Mammoth Creek, Circle district, consists of 12-16 ft of
coarse unfrozen gravel. In the Marshall area, lower Yukon River distriet, shal-
low alluvium on Wilson Creek and other streams is generally coarse and unfrozen,
but the deeper ground is frozen and is composed chiefly of silt overlying a com-
paratively thin gravel deposit just above bedrock. The shallow deposits are
water bearing.

1916, The Alaskan mining industry in 1915: U.S. Geol. Survey Bull. 642-
A, p. 16-71.
In the Koyukuk district the deep mines on Hammond Creek are wet, and
until the arrival of steam pumps in 1915, mining could not be carried on.

1918, The Alaskan mining industry in 1916: U.S. Geol. Survey Bull. 662-A,
p. 11-62,

Reported oil seeps in the alluvium of the Tanana Valley have proved to be
iron-oxide scum associated with marsh gas; some have been encountered in
placer-mining areas where shafts have been sunk below permanent ground
frost.
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Brooks, A. H. See also Collier, A. J., 1908.

Brown, R. J. E., 1956, Permafrost investigations in the Mackenzie delta: Cana-
dian Geographer, v. 7, p. 21-26.

Permafrost underlies the entire delta and extends to a depth of several
hundred feet. In July 1953 sixteen 30-ft holes at Aklavik encountered perma-
frost, but piles driven 60 ft in the bed of Peel Channel of the Mackenzie River
in front of the settlement failed to reach permafrost. The Government decided
to relocate the settlement because of the high ice content of the delta silt
deposits, improper sanitation, danger from flooding, and lack of an airfield.

1960, The distribution of permafrost and its relation to air temperature in
Canada and the U.S.S.R.: Arctie, v. 18, no. 3, p. 163-177.

Previous maps of permafrost distribution in Canada by Bratsev (in Sumgin
and others, 1940), Nikiforoff (1928), Muller (1945), Jenness (1949), Black
(1950), and Thomas (1953) are reviewed in the light of recent information.
A map prepared by the National Research Council in 1959 shows the southern
limit of the continuous zone and that of the dicontinuous zone. In the U.S.8.R.
the latest map (Baranov, in TSytovich, 1958) shows that it is possible to con-
tour permafrost thickness. Data in Canada are still insufficient to permit
mapping based on thickness and temperature of permafrost. Attempts at
correlating the southern limit of permafrost with various isotherms of mean
annual temperatures and with the freezing index have been unsuccessful. Moo
many other factors—such ag climatie, surface, and geothermal considerations—
affect the occurrence of permafrost to permit explanation based solely on air
temperature.

Brown, R. J. E. See also Pihlainen, J. A., Brown, R. J. E,, and Johnston, G. H.,
1956 ; see Pihlainen, J. A., Brown, R. J. E,, and Legget, R. F., 1956.

Bryan, Kirk, 1946, Cryopedology—the study of frozen ground and intensive frost

action with suggestions on nomenclature: Am, Jour. Sci., v. 244, p. 622-642.

A terminology is suggested for the new subscience, cryopedology, to replace

the diverse and inadequate terms applied to most processes and products of

frozen ground and intensive frost action. The suggested terms are given in
the glossary of this annotated bibliography.

1948, The study of permanently frozen ground and intensive frost action: Mil.
Engineer, v. 40, p. 304-308.
Arguments for and against adoption of the terms suggested by Bryan (1946),
by Stephen Taber, R. F. Black, F. E, Zeuner, W. V. Lewis, W. K. Wilson, Jr.,,
A, B. Cleaves, C. H. Edelman, and R. Tavernier.

1951, The erroneous use of “tjaele” as the equivalent of perennially frozen
ground : Jour. Geology, v. 59, p. 69-71.

Bulmasov, A. P, 1957, The area of applicability and conditions governing the
use of geophysical survey methods in permafrost areas [Oblast’ i usloviia
primeneniia geofizicheskikh metodov razvedki v raionakh mnogoletnei merz-
loty], in Materialy po podzemnym vodam Vostochnoi Sibiri: Irkutsk, Akad.
Nauk SSSR, Vostochno-Sibirskii Filial, p. 157-163.

Seismie, electrical, gravimetrie, and magnetic soundings can detect only the
existence of permafrost, not its thickness. Especially large errors in establish-
ing structural boundaries in bedrock occur in limited areas where permafrost
thickness changes abruptly. The results of seismic measurements may be
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improved greatly by combining them with electrical soundings, which locate
structural boundaries through the different reactions of ionic and electrical
conduction to freezing. But since freezing reduces this electrical differentiation,
the method is unsuitable for determining horizontal boundaries within perma-
frost. Natural electrical currents developing as a result of the natural oxidation
of ore or the filtration of water in the deposits may prove a suitable means for
prospecting for ore in permafrost. The applicability of gravimetric methods in
permafrost has been studied very little, but studies on permafrost density and
gravimetric anomalies in Yakutia suggest a relation between the two. Magnetic
methods in permafrost do not differ from those in unfrozen ground.—From
SIPRE 18015.

Cairnes, D. D., 1913, The Skagway-Whitehorse-Dawson section: Internat. Geol
Cong., 12th, Ottawa 1913, Guide Book No. 10, p. 51-121,

The surface materials are perennially frozen. The thickness of the frozen
ground varies considerably: it is less on the ridges than in the valleys and less
on the southern than on the northern exposures. A shaft on the ridge south
of Eldorado Creek in the Klondike district reached unfrozen gravel at 60 ft,
whereas one in the valley of Eldorado Creek was stopped by ground water at a
depth of more than 200 ft. Another shaft on the plateau between Bonanza
Creek and the Klondike River passed through frozen ground at a depth of 175 £t.

1914, Upper White River district, Yukon: Canada Geol. Survey Summ. Rept.
1913, p. 12-28,

Bench gravel deposits along Burwash Creek, Kluane district, remain frozen
throughout the year. Creek gravel deposits are frozen only in winter; they are
frozen down to bedrock only in a few places, and elsewhere remain unfrozen
below a depth of 10 or 11 ft. Near the Alaska boundary, ground bordering the
‘White River was frozen at one place to a depth of 90 ft, where water was
encountered.

1917, Scroggie, Barker, Thistle, and Kirkman Creeks, Yukon Territory : Canada
Geol. Survey Mem. 97, 47 p.

In this placer-mining area near the confiuence of Stewart and Yukon Rivers,
the perennially frozen condition of the gravel allows drift mining to be carried
on. The gravel is overlain by thin muck and is generally frozen to bedrock,
except possibly under or near the stream channel, where water circulates
through the unfrozen gravel near bedrock. On the benches that border the
stream courses, the muck is thicker, and the deposits are generally frozen to
bedrock.

Canadian Army Engineers. See U.S. Army, Corps of Engineers and Canadian
Army Engineers, 1949.

Capps, S. R., 1911, Mineral resources of the Bonnifield region [Alaskal: U.S.
Geol. Survey Bull. 480-H, p. 218-235. See annotation, Capps, S. R., 1912.

1912, The Bonnifield region, Alaska : U.S. Geol. Survey Bull. 501, 64 p.

Dry Creek and several smaller streams flowing north from the Alaska Range
into the Tanana Valley sink into the ground as they leave the mountains.

1916, The Chisana-White River district, Alaska: U.S. Geol. Survey Bull. 630,
130 p.
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Placer-mining ground on Bonanza, Little Eldorado, and Big Eldorado Creeks
is generally not frozen, but patches of permanently frozen ground occur. Some
frozen ground occurs on Skookum and Gold Run Creeks.

1919, The Kantishna region, Alaska: U.S. Geol. Survey Bull. 687, 118 p.

Most of the gravel deposits along the streams are unfrozen, and few placer
miners have encountered difficulty with ground frost. Some of the benches,
however, are permanently frozen.

1940, Geology of the Alaska Railroad region: U.S. Geol. Survey Bull. 907,
201 p.

In the lowlands in the Cook Inlet-Susitna depression, in the Matanuska
Valley, and other low-altitude valleys south of the Alaska Range, there is little
permanently frozen ground. However, in the adjacent mountains there is
abundant permanent frost above an altitude of 3,000 ft. North of the Alaska
Range permanent frost occurs even in the lowlands. The frozen zone prevents
downward percolation of surface water.

Capps, S. R. See also Moffit, F. H., 1911.

Cathcart, S. H, 1920, Mining in northwestern Alaska: U.S. Geol. Survey Bull.
T12-G, p. 185-198.
In 1906 drilling at Cape Nome encountered a strong flow of gas at a depth
of 122 ft, presumably in alluvial deposits.

Cathcart, S. H. See also Steidtmann, Edward, 1922.

Cederstrom, D. J,, 1951, Ground water in Palmer, Anchorage, and Fairbanks
areas, Alaska: U.S. Geol. Survey open-file report, 6 p.

The Fairbanks area consists of a low plain underlain by silt, sand, and
gravel, which is perennially frozen in the form of wedges ranging in thickness
from 0 to 250 ft, and silt-mantled bedrock hills. In the plain at Fairbanks
small-diameter wells, 15250 £t deep, obtain water from above or below perma-
frost. The wells are constructed by the jet-drive method, and no real difficulty
is experienced in keeping them in operation. Two-inch diameter wells produce
as much as 40 gpm, and the large-diameter wells yield more than 800 gpm.
Water quality is poor, largely because of a high-iron content.

1952, Summary of ground-water development in Alaska, 1950: U.S. Geol.
Survey Cire. 169, 37 p.

This report discusses present and possible future ground-water development
in a number of localities through Alaska. Substantial development of ground-
water supplies is found only in Anchorage, Palmer, and Fairbanks. Else-
where, few wells are present and possibilities of ground-water development
have been almost entirely unexplored. Large quantities of ground water of good
to poor quality are available in extensive areas of intermontane sandy fill and
sandy glacial deposits. Nothing specific is known of possible yields in hard-rock
areas, or in rocks of any kind in southeastern Alaska. Much remains to be
learned about ground-water occurrence, particularly with reference to the needs
of growing communities, military establishments, and some areas of potential
industrial aetivity.

Permafrost is a factor to be dealt with in development of water supplies in
many northerly localities. In the north permafrost is thick, but it thins south-
ward and becomes more and more discontinuous until it is entirely absent.
Except where thick and continuously distributed, permafrost does not preclude
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ground-water development, for it occurs in many places beneath permafrost or
in thawed zones between permafrost. Permafrost is a serious problem north
and west of the Alaska Range. Near Fairbanks permafrost is as much as 200
ft thick in the valley flat, but is discontinuous. In the vicinity of major streams
and rivers permafrost is ordinarily absent, particularly on the “slip-off” side of
the meander, but it is present in the steep face of cut banks on the opposite shore.
Even near the cut bank, permafrost may be thin, and it is commonly absent
beneath abandoned channels a half mile or more from the river. North of the
Brooks Range permafrost many hundreds of feet thick makes ground-water
development impracticable, except possibly along the Colville River.

Cable-tool drilling offers no special problems; frozen materials generally stand
well in the hole, but casing is required to shut off thawed running sand or silt
and to prevent caving due to thawing as the hole warms during the drilling.
Casing will freeze to the walls of holes only where permafrost is several degrees
below freezing or during periods of idleness. A productive well will not freeze
if pumped regularly, and the plug of ice that sometimes forms inside the casing
during idle periods can be thawed by hot water, steam, or salt.

Thicknesses of permafrost greater than 150 ft have been penetrated by 2-in,
driven wells using cone-shaped drive head, above which are 34-in. perforations
and through which a 14-in. thaw line projects as much as 18 in. The thaw
line delivers water at 33° to 40°F which melts sufficient permafrost to permit
driving the pipe. At shallow depths skilled drillers can make 30-40 ft per day,
but progress below 80-100 ft may be as little as 1 or 2 ft per day.

Shallow wells dug in materials above permafrost supply a small amount of
poor-tasting water, but the wells decrease in yield or freeze completely in winter.
Supplies are obtained in some places where a depression in the permafrost
formed beneath stripped ground or heated buildings.

Cederstrom, D. J., 1953, Test well at Kotzebue, Alaska [abs.] : Geol. Soc. America
Bull,, v. 64, no. 12, pt. 2, p. 1406.

In the summers of 1949-1950 a test well was drilled at Kotzebue to a depth of
325 ft by the cable-tool method. Permafrost extended to a depth of 238 ft.
Sediments encountered were largely marine clays overlying continental (?) silts.
Salt water was encountered in a thawed zone at 80 ft and again below the perma-
frost mass between 238 and 325 ft. A gas (methane?) accumulation was present
beneath the permafrost.

Difficulties encountered are evaluated, in order of difficulty, as follows: (1)
logistical, (2) lack of, or excessively high cost of, local technical services and
materials, (3) personnel, (4) permafrost.

Development of a shallow water zone might profitably be investigated. This
would involve stripping of the tundra, melting out the upper permafrost zone
by natural or artificial means, and protection of the thawed area by thick snow
cover in the winter. The efficacy of the scheme in winter would depend largely
upon infiow of water from any adjacent unfrozen zones that may be present
between the winter frost and the permafrost—Author’s abstract.

1955, A test well at Kotzebue, Alaska: U.S. Geol. Survey open-file report, 11 p.
A test well was drilled with cable-tool machine in an attempt to find a source
of water that might be used by residents and the Alaska Native Service Hospital.
Shallow waters bounding the peninsula on which the town is situated are com-
monly fresh or only slightly brackish, owing to the discharge of the Noatak
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River. Water is obtained from shallow wells occupying thawed basins in
permafrost table, from ice and snow, or from distant lakes and rivers.

The well penetrated beach gravel from 0 to 19 ft, frozen blue marine clay from
19 to 79 £t, unfrozen beach gravel carrying water with 26,000 ppm of chloride from
79 to 86 ft, frozen marine blue clay from 86 to 190 ft, gravelly layer from 190
to 218 ft, possibly glacial till, marine blue clay from 218 to 226 ft, glacial till
or gravel from 226 to 238 ft. All sediments from the surface to 238 ft were
frozen, except the zone between 79 and 86 ft; below 238 ft the ground was
unfrozen. At 238 ft an accumulation of gas (methane?) was encountered;
pressure was sufficient to lift the tools 10 or 12 ft and shower mud over the
area. Gas issued under pressure for an hour, but by the next day the flow sub-
sided. The occurrence is similar to one in the Fairbanks area, at a Survey test
well on Farmer’s Loop Road in 1948, and at a U.S. Army well near Eielson A.F.B.
in 1952. From 238 to 325 £t the well penetrated silt and fine sand of continental
origin.

Static level of the salt-water aquifer between 79 and 86 ft was 15.9 ft. That
of the water-saturated continental sediments below 238 ft was 42 ft below the
surface ; the water at depth also was salty.

The sediments encountered in the well are largely estuarine and were doubt-
less frozen after elevation of the land above the sea. The sediments between
79 and 86 ft were probably laid down in slightly brackish water like that of,
but less well concentrated than, the ocean water that exists today. “The
highly saline water may have been formed by a process of fractionation by
freezing of the original slightly brackish water with which the sediments were sat-
urated. The result would be an ice of very low chloride content and a high-
chloride liquid.” (See p. 5.) By this hypothesis, during freezing of the blue
clay from the top down, the excess water was highly saline and was driven
downward, building up pressure as freezing progressed. However, the hydro-
static pressure was apparently relieved by lateral migration of water through
the permeable gravel between 79 and 86 ft, but through this migration the
salinity of the water in the gravel was increased. As the freezing front drew
near the gravel its temperature was probably a few degrees below 0°C, but
higher than the freezing point of the saline water in the 79- to 86-ft zone. The
freezing continued into the impermeable beds between 86 and 238 ft, leaving
the saline water between 79 and 86 ft in the liquid state, but at negative
temperature.

1959, Ground-water hydrology in Alaska [abs.]: Internat. Symposium on
Arctic Geology, 1st, Calgary, Canada, 1960, Abstract of papers in Cana-
dian Oil and Gas Industries, v. 12, no. 12.

Ground-water studies, begun in 1947, have been made at Fairbanks, Anchor-
age, Matanuska Valley, Kotzebue, Pribilof Islands, and Bethel. “The Tanana
Valley, in which Fairbanks is located, with its gravelly fill was found to be one
of the most prolific sources of ground water in the world. In this area perma-
frost is a minor problem in developing ground water, as is high iron content in
the water * * * Alaska north of southeastern Alaska may be characterized as
an area where great alluvial valleys contain much ground water. Northward,
however, permafrost becomes more and more of a problem.”

Cederstrom, D. J.,, Johnston, P. M., and Subitzky, Seymour, 1958, Occurrence
and development of ground water in permafrost regions: U.S. Geol. Survey
Cire. 275, 30 p.

Ground water in permafrost regions occurs mainly in unfrozen ground which
is (a) under and adjacent to large rivers; (b) in or near the smaller streams;



58 GROUND WATER IN PERMAFROST REGIONS

(c) in or near standing bodies of water, such as lakes occupying abandoned
channels or muskeg lakes; (d) in newly deposited alluvium formed on the con-
cave side of present river meanders but not necessarily adjacent to the river; (e)
in dry abandoned channel scars or lakebeds; (f) in places where insulating vege-
tation mat has been stripped, allowing deep thaw; and (g) on south-facing
hillsides. The procedure for surveying ground-water resources follows that of
Muller (1945). Description of ground-water recovery includes discussion of
drilling methods, drilling fluids, and winterization of drill rigs employed by
Government agencies, petroleum and mining companies, and water-well drillery
in Alaska and northern Canada.

Water distribution systems and water sources are described for Fairbanks,
Nome, Dawson, Yellowknife, Whitehorse, Donjek River, Kluane Lake and
Fort Chemo,

Further studies of the occurrence of ground water in permafrost regions
should be undertaken along the following lines: (a) Continuation of literature
search; (b) establishment of a research investigation, including drilling in some
area north of the Arctic Circle in Alaska to obtain data on occurrence within
the continuous-permafrost zone; and (c¢) development of geophysical methods
and use of them in alluvial valleys where geologic information and drilling
information make checking of the results possible.

Cederstrom, D. J,, and Péwé, T. L., 1948, Records of wells in Fairbanks, Alaska,
and adjacent areas: U.S. Geol. Survey open-file report; repr., 1960, as
ground-water data, Fairbanks area: Alaska Dept. Health, Sanitation and
Engineering Sec., Water Hydrologic Data Rept. 9, 8 p., Juneau, 1958.

Tabulation of well data through 1954 for Fairbanks and vicinity; includes
well number, location, owner, driller, depth, top and bottom of permafrost, water
quality, and remarks.

Cederstrom, D. J., Wahrhaftig, Clyde, and Barnes, F. F.,, 1950, Ground water
in the vicinities of Healy and Homer, Alaska: U.8. Geol. Survey open-file
report, 4 p.

A terrace 350 to 500 ft above the Nenana River is 1 mile wide and about 7
miles long; the coarse terrace gravel rests on tilted, slightly cemented gravel,
and on sandstone, shale, and coal of Tertiary age, which act as an impervious
layer. Springs issue from the base of the terrace gravel at (1) Garner where
a spring supplies the community, (2) at Healy where springs supply the town
and feed a stream having a discharge of 1 cfs, and (3) Lignite where the springs
are similar in size to those at Healy. A spring occurring in the gravel bed of
Dry Creek, one-half mile upstream from the railroad bridge, flows at an esti-
mated rate of 30 to 40 cfs. Recharge of ground water in the terrace deposits is
accomplished by loss of water from intermittent streams that cross the terrace
and by rainfall.

No springs occur at the base of the intermediate 150-300-ft terrace west of
Healy and Lignite. A 480-ft terrace east of the Nenana River between Ferry
and Lignite is composed of 150 ft of gravel underlain by the Nenana gravel of
Middle Tertiary age. A large spring at Ferry forms icings in winter. Recharge
of the ground water is from the hills to the east.

A possibility for artesian water exists at depth in the Nenana gravel and the
coal-bearing formation west of Healy and near Lignite. Deposits of coarse
alluvial gravel occur in the fan of Nenana River between Rex and Clear; large
quantities of ground water have been found at Clear. Large quantities of water
probably could be obtained from wells in or near the bed of Nenana River.
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Chapin, Theodore, 1915, Auriferous gravels of the Nelchina-Susitna region
[Alaska] : U.8. Geol. Survey Bull. 622-D, p. 118-130.

A shaft 180 £t deep on claim 19 below Discovery on Crooked Creek exposed
85 ft of surficial glacial capping, frozen muck, and gravel, and between 139
and 154 £t penetrated gas-bearing vegetable muck. On Daisy Creek, considerable
trouble was experienced in prospecting the 12- to 15-ft deep gravel deposits be-
cause of ground water.

1918, The Nelchina-Susitna region, Alaska: U.S. Geol. Survey Bull. 668, 67 p.
See annotation, Chapin, Theodore, 1915.

Chapman, R. M., and Sable, E. G., 1960, Geology of the Utukok-Corwin region,
northwestern Alaska: U.S. Geol. Survey Prof. Paper 303-C, p. 47-167.

The water content of the layer above permafrost increases downward toward
the permafrost table. Pingos, or icing mounds, occur in poorly drained tundra
on the coastal plain; one is a quarter of a mile south of the village of Point
Lay. Alltheicing mounds are less than 30 £t high.

Charles, J. L., 1959, Permafrost aspects of the Hudson Bay Railroad: Am. Soc.
Civil Engineers Proc., v. 85, no. SM6, pt. 1, p. 125-135.

At Churchill a well drilled under Lake Rosabelle encountered frozen ground
at a depth of 41 ft, and in the harbor no frozen ground was encountered within
the limits of the low-water mark. A boring in August 1929 southeast of the
lake encountered 95.8 £t of frozen unconsolidated deposits underlain by bedrock
in which ice was encountered at 138 and 145 ft; the driller encountered con-
tinuous trouble with freezing of the 230-ft hole.

Chekotillo, A. M., 1940a, Icings and countermeasures [Naledi i bor'ba s nimi]:
Moscow, Gushosdor NKVD, SSSR, 136 p.; edited by M. I. Sumgin, Inst.
Merzlotovedeniia im. V. A. Obrucheva.

The term “icing” (naled) refers to a mass of ice formed during the winter by
successive freezing of sheets of water seeping from a river, the ground, a spring,
or a combination of such sources. They form irregular sheets or fields, mounds
attaining large dimensions, or incrustations on slopes. Most melt during the
summer and reappear the following winter ; the remnants of icings that do not
disappear entirely during the summer are called taryns. Conditions favorable
for formation of icings are (1) ground water in the active layer, (2) low air
temperature and thin snow cover during the early part of the winter, (3)
proximity of permafrost table to the ground surface, and (4) thick snow cover
during the latter part of the winter.

River icings are formed when the freezing of a shallow reach impedes the flow
upstream, increasing the hydrostatic pressure of the water above the ice barrier.
The water is forced to break through fissures in the ice or emerge along the
banks as seepage; it freezes and gradually forms the icing. Ground icings are
formed by freezing of ground-water seepage caused by winter frezing of the
active layer to the permafrost table. Ground water from suprapermafrost or
subpermafrost sources feeding springs forms icings. Some icings form mounds,
in some of which the water is under such great pressure that they explode.

The earliest theory of icing by Pod’iakonov (1903), modified by Sumgin, ac-
counts for river icing, but does not explain ground icing. Later, Sumgin
accounted for formation of icings by stresses produced in the ground during freez-
ing. Pressure in the ground is caused either by change in volume when water
is converted to ice or by force of crystallization of ice. This pressure causes
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water to move laterally, or upward, in the direction of lesser resistance. A
formula was worked out by Sumgin for the development of icing mounds.
Petrov (1930) experimented with pressure measurements of icing mounds and
found that from an initial stage consisting of an upper and a lower passive
ice layer an application of external freezing placed the upper layer under in-
creased pressure. Melting in the lower layer is caused by this increased pres-
sure. To the water obtained from melting in the lower layer is added
water from external sources to fill the voids left by the volume decrease on
thawing. Finally, with continued penetration of freezing, a new wedge of ice
is formed from the water in the lower layer, and the remains of the lower ice
layer and the upper passive layer are raised to increase the height of the icing
mound.

Icings are destructive to roads, bridges, buildings, and other structures.
Measures against them are grouped into two categories, active and passive.
The passive countermeasures are (1) removing the ice, (2) diverting the water
that feeds the icing, (3) constructing barriers against the icing, (4) enlarging
the cut in which the ice forms, and (5) relocating the site of the structure. The
active countermeasures are (1) draining the site of the icing, (2) constructing
frost belts, (8) deepening and straightening the river channels, and (4) straight-
ening the stream channels.—From Minnesota Univ., 1950, p. 99-148.

Chekotillo, A. M., 1940b, Warming river beds to combat icings [Uteplenie rusel
kak sposob bor’by s rechymi nalediami u mostov]: Stroitel’stvo Dorog, v. 8,
no. 8, p. 87-39.

Classification and the theory of icing processes, subsurface hydrostatic pres-
sure, and influence of frost belts on the icing location are discussed. Methods of
preventing icings under and near bridges are outlined. The most feasible method
in permafrost areas consists of insulating the bridge area. Branches, straw,
dry peat, loose snow are piled in an area about 1 m off shore, 50 m upstream,
and 100 m downstream from the bridge. This type of insulation prevents ex-
tensive freezing and insures a free flow of ground and surface waters under the
bridge. Bridges with spans 3 m or more apart and clearance greater than 1.5 m
can be readily insulated by this method.—From SIPRE U-2761.

1941, Region of the great icings; Icings of eastern Yakutia [Oblast’ velikikh
naledei; naledei Vostochnoi IAkutii]: Akad. Nauk SSSR Izv. Ser. geol., v.
1, p. 94-113.

The characteristics of icings of eastern Yakutia are that (1) all are of im-
mense size, in length many km; (2) all are formed in river valleys, and none
are formed by suprapermafrost ground water; (3) they are formed in the upper
courses of rivers, near the base of mountains, but only rarely in plains or low-
lands; (4) they appear every year at the same place, but their boundaries vary;
(5) they are usually active all winter; (6) there are unfrozen water channels
under the icings which enable water to reach remote parts of the icing; and
(7) in summer most of the icings are thawed, but some persist to the following
winter. Sources of water either from the rivers or from suprapermafrost ground
water seem too small to form extensive flelds of ice. Shvetsov and Sedov (1940)
concluded that these icings were formed by discharge of ground water from below
the permafrost; these authors observed gas-bearing springs forming icings at
one point on a line 150 miles long at the base of the eastern Tas-Khaiakhtakh
Range. Both the Yana and Indigirka Rivers appear to have greater discharge
than is warranted by the relatively low precipitation in their drainage basins.
Winter polyn’ia (ice holes where water does not freeze even at —40°C) in the
ice cover may indicate emergence of warm ground water. The flourlike residue
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of calcium salts (50 g per m?) deposited after the icing melts suggests that the
hardness may account for supercooling of river water and nonfreezing of the
springs. In an area such as this where permafrost is 200-300 m thick and where
precipitation is low, these springs, possibly related to fissures in rock, may pro-
vide a suitable supply of ground water.

1945, Gigantic icings in northeastern Siberia [Gigantskie naledi severo-
vostochnoi Sibiri]: Nauka i zhizn’, v. 12, no. 1, p. 26-29.

Gigantic icings or naledi occur on many of the rivers of northeastern Siberia
between the Yana and Indigirka Rivers, where the climate is severe continental
and where permafrost is widespread and as much as 300 m thick. The largest
icing, “Ulakhan Taryn,” is situated on the Moma River, a right tributary of
the Indigirka ; it has a length of 26 km, an area of 16,000 to 18,000 hectares, and
an estimated volume of 500,000,000 m® of ice. Investigations of the Kyra icing
show that it is formed at a series of perennial springs which flow at the rate
of 27,000 m®/sec. Despite plentiful summer water supplies in the region, water
is scare in winter, and development of the strong flows of ground water that
form the icings may provide a dependable year-round supply for both mining
and drinking.—From abstract by E. A. Golomshtok for Stefansson Collection,
Dartmouth College, Baker Library, Hanover, N.H.; SIPRE U-657.

1946a, Control of icings on the Alcan Highway [Bor’ba s nalediami na avtostrade
Kanada-Aliaska] : Merzlotovedenie, v. 1, p. 69-78.

In a comparison of methods of control of icings in Siberia with those encoun-
tered in 194244 on the Alcan Highway, it was found that the system of deep,
narrow trenches and pipe networks for drainage and water warming by vapor
was too expensive. The same results could have been accomplished by simple
ditches covered by brush and snow to prevent water freezing, as practiced in
Siberia.—From SIPRE 15892.

1946b, Measures against naledi (icings) [Bor'ba a nalediami]: Priroda,
no. 1, p. 29-28.

Since icing causes deformation of buildings and other structures and renders
roads impassable, precautionary measures are of importance. Such remedial
action may be corrective or preventive. Ground icings may be eliminated by
(1) construction of adequate drainage systems, (2) erection of permanent or
temporary barriers to movement of ground water, (3) removal of the icing, (4)
widening cuts, and (5) moving structures. Rivers may be deepened and
straightened, and small creeks may be heated to insure free flow. Up to 1946
no effective measures had been devised to combat ice formation in railroad
tunnels or on mountain slopes covered with scattered rock cutcrops. Airfield
construction near large rivers is hindered by ice fields.—From SIPRE U-663.

1946¢c, Naleds in Alaska [O nalediakh Aliaski]: Merzlotovedenie, v. 1, p. 111-
118.

Investigations on naleds in Alaska since 1904 are briefly outlined, and pub-
lished conclusions on their origin are compared with data in Siberia, where
physiographical conditions for naled appearance are similar. The study of
naleds and methods of their control in Alaska reached maturity only when the
Alcan Highway was constructed, i.e.,, 10-15 yr later than in the USSR. The
results of Soviet experience were ignored, so that much expensive and inefficient
experimentation was repeated. A uniform terminology has not been developed
in the U.S. and usage varies widely. Such terms as “glacier of hillside origin,”

735~-894—65——75
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“ice fountain,” “crystophene,” “crystocrene,” “glaciering,” and “surface ice mass”
have been used only by their creators. The term “icing” suggested by the U.S.
Geological Committee in 1944 is successful and probably will be used in the
future in the U.S.—From SIPRE 15980.

Chekotillo, A, M., 19464, Solving the problem of “Nalyeds” in permafrost regions :
Eng. News-Rec., v. 137, pt. 2, p. 724-727.

Surface ice formation (naled) is one of the acute problems of permafrost
regions. Early methods of chopping or melting ice have been replaced by the
following recommendations based on Sumgin’s work in the 1920’s: (1) Locate
road and bridges in sites where naleds are not likely to form, (2) transfer the
naled to a place where it will be harmless, (3) determine the direction of flow
in naleds formed by ground-water emergence and intercept the flow at some
distance from the road by removing insulating cover to allow a belt of deeply
frozen ground to block the underground fiow and induce a seepage at the desired
location, (4) river naleds should be controlled by deepening the channel of ice
and soil across the valley upstream from its usual place of formation. These
methods were tested successfully by V. G. Petrov in 1928-29 on the Amur-
Yakutsk road.

Antinaled methods are subdivided into two groups according to whether
naled is formed by surface water or by ground water. The defenses against
ground-water naleds are as follows: (1) Drainage of area and lowering of
permafrost table (16- to 20-in. ditches used with some success) ; (2) freezing
belts, either permanent belts in which soil and vegetation is removed, or tempo-
rary belts in which the snow cover is removed to promote deep freezing and
induce icing upslope from its former position; (3) installation of surface
barriers at least 60 ft from structure; (4) widening of cuts to accommodate ice
naleds; (5) drainage of feeding water from subpermafrost springs and large
suprapermafrost water seepages via channels protected from freezing by
branches, moss, and snow; and (6) transfer of structure to new location.

Defense against naleds formed by surface water consists of (1) one or more
freezing belts placed not more than 60 £t apart across the entire valley upstream
from the usual site of the naled, (2) drainage of naled water by means of open
or covered ditches to places where ice formation would be harmless, (3) barriers
of timber or snow offering temporary protection, (4) deepening and straighten-
ing of river channels and promotion of vegetation growth on banks, (5) warmth-
retaining measures, such as covering the channels with brush, branches, and
snow 60 to 150 ft from the bridge (commonly the bridge or fill acts as a frost
dam).

Solutions remain to be found for naled formation in tunnels, on boulder-
covered slopes, and in areas of deep gravel deposits. Drainage of perennially
frozen ground and use of drainage for channeling ground water have received
very little study.

1947a, Current measures against icing in the U.S.A. and Canada [abs.]:
Akad. Nauk SSSR, Referaty nauchn.-oissled. rabot, 1945, Otdel. geol.-geog.
nauk.

In this summary of material in Canadian and American publications on
measures used to combat icings, it is found that American research workers
(Leffingwell, Taber, Eager, and Pryor) have worked out the general aspects of
the theory of icing processes. For this reason, passive methods, directed not at
the causes of icing but at the liquidation of its effects, are predominant in the
efforts to combat icings. American engineers and technicians are proceeding
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correctly with respect to measures used against icings, but lag 15 to 20 yr behind
the engineers of the USSR in this field ; however, in the field of mechanization,
America is more advanced than the USSR.—From Minnesota Univ., 1950, p. 95.

1947b, Permafrost in Alaska [Vechnaia merzlota Aliaski]l: Merzlotovedenie,
v. 2, no. 2,

1955, Soil temperature stability in winter [Temperaturnaia inertsiia pochvy v
zimnee vremia], in Voprosy izucheniia snega i ispol’zovaniia ego v narodnom
khoziaistve, p. 73-97 : Akad. Nauk SSSR, Inst. geografii.

1956, Permafrostology outside the USSR as of 1955 [Merzlotovedenie za
rubezhom k 1955 godu] : Materialy k osnovam ucheniia o merzlykh zonakh
zemnoi kory, v. 3, p. 186-229.

This review, with 260 references is based on a study by the Institute of Perma-
frostology of reports published outside the Soviet Union.—From SIPRE 14085.

Chekotillo, A. M. See also Sumgin, M. 1., 1939.

Cheng, Ch’i-p’u, 1959, Points to be considered during hydrogeological surveys in
permafrost regions [Yung chu tung chieh ti ch’ti shui wen ti chih k’an ts'e
kung tso chung ti chitien t'i hui]: Hsui wen ti chih kung ch’eng ti chih
(Hydrogeology and engineering geology), no. 11, p. 13-15.

The water regime in the permafrost area along the route of survey of a 1,000-
mile long railroad in Manchuria and recommendations for hydrogeological field
work are given. The depth to the permafrost table along the route generally is
between 0.3 and 0.5 m, but sometimes reaches 3-5 m. The thickness of perma-
frost is usually 1-2 m, but occasionally reaches 40 to 50 m.—From SIPRE
18289.

Chernukhov, P. S. See Grave, N. A., 1947.

Chernyshev, M. TA, 1928, Icings and frost heaving [Naledi i pucheniia]:
Zheleznodorozhnoe Delo, Put’, v. 5, no. 7-8, p. 7-9.

Conditions causing the formation of these phenomena are analyzed and
diagrammed. The accumulation of ground water and summer precipitation over
the waterproof permafrost causes frost heaving by expansion during freezing.
The penetration of subpermafrost water through fissures in frozen soil and
subsequent freezing near the surface result in the formation and growth of
icings (maledi). Icings reach a thickness of 3 m at some points in eastern
Siberia.—From SIPRE 9340.

1933, Search for underground waters in the permanently frozen ground [Poiski
podzemnykh vod v raione vechnoi merzloty] : Sanitarnaia Tekhnika no. 2,
9-12, Moscow. See annotation, Chernyshev, M. IA., 1935.

1935, Search for underground water in perpetually frozen areas: Am, Water
‘Works Assoc. Jour., v. 27, p. 581-593.

Finding water in perpetually frozen ground offers difficulties, and ‘the methods
used to find it are different from those ordinarily used. They are closely asso-
ciated with common geologic practice and with the climate in a given region and
are difficult to use in other regions. Three types of water occurrence are con-
sidered.

1. Subsoil water found in thick alluvium above perpetually frozen ground is
the result of infiltration of precipitation and condensation of moisture during the
frost-free season. Because of underlying permafrost the subsoil water is not a
source of large supplies, and tends to be erratic in quantity and to dry up toward
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the end of winter. In winter, when the water-bearing layer is compressed be-
tween the downward penetration of winter freezing and permafrost, the water
under hydrostatic pressure breaks through to the surface at the weakest point
in the seasonally frozen layer. The water forms an icefield; under heated
buildings the water can emerge with less difficulty and may inundate the building,
freezing and filling the structure with ice. Subsoil water trapped between the
seasonal frost and the permafrost is not an abundant and dependable supply of
water, and ‘the springs formed are not dependable. It is best developed by erec-
tion of shallow wells with timbered frames or underground drain galleries; how-
ever, withdrawal of water may exhaust the water-bearing layer and permit
freezing of the galleries; so the wells and galleries should be protected from
freezing air temperatures, possibly by an earth embankment around well or gal-
lery. The water in regions of perpetually frozen ground is characteristically
soft, and sometimes contains high amounts of iron.

2. Springs are a more constant and abundant supply of water, which rises
from very deep strata ‘through the permafrost. They occur in the cracks of the
scarps and are common in areas underlain by granite and crystalline schists.
Springs are of either fresh or mineral water; some hot and warm waters are of
the nitrous-acid type, most cold waters are of the carbonic-acid type. Springs
are common on sunny slopes and even on mountaintops; their waters saturate
the soil downslope, providing sufficient moisture for growth of thickets of trees
(some tilted) on ice hillocks. Some springs, when localized, form ‘‘ice-volcanoes”
at the surface; others, composed of warm water, form open-water channels that
pass downslope into icefields. The best time to search for springs is February
or March, when they can be recognized by icefields, or “heaps,” and because at
thig time of year a flow probably indicates a spring origin, not an origin in
subsoil water.

Investigation 'of a spring should be a reconnaissance in March to fix its limits,
and detailed exploitation and conecentration of the water in the summer. Dur-
ing the reconnaissance a topographic survey of the outlet is made, and the ice-
field is sketched. Velocity of the running water is measured. Where the outlet
is under water, the highest temperature measurement will be closest to the
spring outlet, and measurement of the direction of currents in an icefield may
enable location of the outlet. Shallow borings and excavations to locate the
deepest thawed ground and rise of ground temperatures toward the source of
water also show the position of the spring outlet. Heads of springs commonly
form ice cones in late winter. Definition of the limits of the funnel within which
the spring occurs is done during the detailed investigation by a system of “chess-
board” borings and pits made near the outlet. From these excavations and bor-
ings, geologic maps with notations of permafrost and ground-water level can be
made. In the center of the funnel in permafrost, an excavation is made suitable
for pumping water. Where the spring outlet is discovered, the whole thawed
layer and outlet may be intersected at several points by a collection gallery.
‘Where there are several outlets separated by permafrost, each outlet is blocked
and its water diverted to the lowest. Pumping tests and water-level observa-
tions should be made, and the waste water led away by way of gutters down-
slope; at the beginning of pumping the water yield is always more than that
established later.

3. Artesian water from beneath the permafrost comes generally from horizons
in alluvium in which impermeable confining layers are above and below the
water-bearing layer and cause hydrostatic pressure (head). Artesian water
occurs, in some places, in perpetually frozen ground, and may also consist of
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juvenile water; artesian water is found only in comparatively young sedimentary
and volcanic formations (Jurassic and Tertiary) and in volcanic formations of
Jurassie, Cretaceous, and Tertiary age.

Investigation of artesian water requires detailed geologic examination and
deep boring. Temperatures of perpetually frozen ground and of the water are
measured to insure that the water passing through the borehole in permafrost
will not freeze. Water should be kept flowing through the borehole rapidly to
enable the water to warm the pipes and thaw sufficient frozen ground around the
pipes. It is also advisable to heat the hole, at the beginning of work, by steam
through pipes from the boiler. Further special heating measures are generally
not required.

Chirikhin, IU. D., 1934, Permafrost in the basin of the Indigirka River [Vechnaia
merzlota basseina reki Indigirki] : Akad. Nauk SSSR, Komi. izuch. vechnoi
merzloty Trudy, v. 3, p. 21-39.

Ice mounds and icings (naledi) are closely related to orography, depth of
snow cover, and temeprature. As the river-ice cover thickens, the shallowest
reaches freeze to the bottom and water is limited to the deep places. The water
is under pressure which causes it to overflow. Icings are formed under the
following conditions: (1) Freezing of rivers, (2) complete freezing of river
deposits, and (3) conditions favoring accumulation and discharge of ground
water, that is, high summer precipitation, favorable soil, steep gradient of the
stream. The Moma icing is 26 km long, 6-7 km wide, and 3-4 km thick. Ice
mounds are formed over deep pools as the ice thickens and expands, and the
pressure cannot be relieved against the frozen riverbed up and downstream.
Thus, the ice surface is arched. Where the deep pools are fed by ground water
which lacks an outlet, additional pressure is exerted on the surface ice.

The water level does not rise significantly in the spring because of the frozen
riverbed and light precipitation, nor does thawing of the ground to a depth of
3040 cm in summer feed the river to any great extent. Atmospheric pre-
cipitation feeds the river, and the rapidity of changes is similar to that of a
mountain stream. In early winter the river is fed by ground water found
between the frozen upper soil and the upper level of permafrost. As this inter-
mediate layer freezes, the Indigirka presumably stops flowing altogether, be-
cause no water is being supplied.—From abstract by E. A. Golomshtok; SIPRE
U-382.

Clark, A. C,, 1943a, The Alaska Highway—Effects of climate and soils on design:
Civil Eng., v. 13, no. 5, p. 209-212.

An estimated 100 miles of frozen ground occurs along the route of the highway
in Yukon Territory, less in Alaska. “Glaciering” is the building up of ice
formations during the winter. The water may seep from side slopes and cause
continuous buildup of ice. Locally, bridges on the highways are reportedly en-
gulfed by ice which may be as much as 50 ft thick in stream channels by spring.

1943Db, Design problems presented by soil and climatic conditions on the Alean
Highway: Pacific Builder and Engineer, v. 49, no. 3, p. 38-45. See anno-
tation, Clark, A. C., 1943a.
Clark, L. K., 1953, Some aspects of sanitation and water supply in the Arctic,
p. 287-309 in Report of the Symposium on advanced base water supply and
sanitation : Port Hueneme, Calif., U.S. Navy, Oct. 7-9, 1953.

A brief review of current practices at military and civilian installations.
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Clark, L. K,, and Alter, A. J., 1956, Water supply in arctic areas; design fea-
tures: Am. Soc. Civil Engineers Proc., Jour. Sanitary Eng. Div. v. 82, no.
SA-2, Paper 931, p. 931-1—931-11.

Ground water obtained from wells through permafrost is subject to freezing
in the withdrawal pipe from underpumping and to freezing in the aquifer from
overpumping. Well and pump installations are subject to damage by frost
heaving. Ground water is warmer than surface water in winter and requires
less heating before distribution. Water levels fluctuate, reaching the lowest
level in late winter and early spring; in some places, well supplies have
been entirely depleted at this time of year. Test pumping during the spring low
water period will aid in determining reliability of yield.

Cleaves, A. B. See Schultz, J. R., 1955.

Collier, A. J.,, 1902, A reconnaissance of the northwestern portion of Seward
Peninsula, Alaska:; U.S. Geol. Survey Prof. Paper 2, 70 p.

Serpentine Hot Springs emerges in the center of a broad mound along the
creek above flood level. The water is sulfur-bearing and has a temperature of
212°F. Budd Creek, in the upper American Creek basin, North Fork Kugruk
River, and Igloo Creek flow underground where they cross limestone beds and
emerge as springs farther downstream. A large mineral spring from which
carbonic acid escapes is located at the base of Noxapaga Butte. The water is
cold and has a taste resembling that of soda springs.

1903a, Coal resources of the Yukon basin, Alaska: U.S. Geol. Survey Bull. 213,
p. 276-283. See annotation, Collier, A. J., 1903b.

1903b, The coal resources of the Yukon, Alaska: U.S. Geol. Survey Bull. 218,
71 p.

Frozen ground in the Cliff Creek mine, 9 miles downstream from the village
of Fortymile, Yukon Territory, Canada, extends to a depth of 150 ft. In the
Nation River mine, in American territory, part of the coal was frozen, and the
distribution of thawed zones in the frost is attributed to circulation of water
through the coal. Lack of gas in the mines along the upper and lower Yukon
may be due to the fact that the workings have not penetrated beyond the zone
of perpetual frost.

Collier, A. J., Hess, F. L., Smith, P. S., and Brooks, A. H., 1908, The gold placers
of parts of Seward Peninsula, Alaska: U.S. Geol. Survey Bull. 328, 343 p.

Perennially frozen gravel and bedrock occur throughout the area. The frozen
ground gives a maximum surface runoff and a minimum loss of ground water.
Large bodies of gravel deposits have been found always free of ice; these gravels
rest upon a porous bedrock that permits the ground water to drain away more
rapidly than is possible in the surrounding areas of frozen ground. Water can
be heard trickling through the limestone which underlies 18 £t of partly frozen
gravel in mine shafts in Grass Gulch, a tributary of Dexter Creek.

Snowflake Mine on the south slope of King Mountain near Nome has a pay-
streak at 130 ft and another in a buried channel at a depth of 230 ft. The
ground is perennially frozen from the surface to a depth of 90 ft, but the under-
lying gravel is dry, water percolating only down the mine shaft. Along Solomon
River near the mouth of Big Hurrah Creek, a dredge encountered frozen gravel
beneath the river bed. Kasson Creek, a tributary of Shovel Creek, Solomon
district, loses most of its water into limestone beds. On Ophir Creek, Council
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district, holes dug in limestone beneath the creekbed encountered open crevices
filled with slow-moving water at a depth of more than 6 ft; it is reported that
the sinking of water into underground channels has decreased since the creekbed
has been filled with silt from mining operations and that the creek carries more
water than formerly.

Collins, F. R,, 1958, Test wells, Umiat area, Alaska, with Micropaleontologic
study of the Umiat field, northern Alaska, by H. R. Bergquist, and sections
on Temperature measurement studies, by M. C. Brewer, end Core analyses,
Umiat test well 9, by G. L. Gates: TU.S. Geol. Survey Prof. Paper 305-B,
p. 71-206.

The Umiat area is underlain by permafrost about 900 ft thick, except near
the Colville River where permafrost is about 770 £t thick, possibly because of the
warming effect of the river. The deepest record of permafrost is 1,055 ft
in Umiat test well 9. Test wells 5 and 6 are located close to one another, and
during rotary drilling of well 5 an increase in temperature was noted in well
6 at the downdip end of a sandstone bed at about 600 ft. Presumably the
temperature increase was caused by warm fluids heated and driven downward
from well 5 toward well 6 by the drilling mud. This relationship suggests that
unfrozen fiuids are present within permafrost, although at a temperature
below 0°C.

A formation test in sandstone at 1693-1816 ft in Umiat No. 1 was unsatis-
factory because of leakage in the packer and valve. The first 6 hr of bailing
lowered the water level from 500 to a depth of 1,100 ft, and the next 4 hr
lowered the level to 1,200 ft; but the level could not be lowered below 1,200
ft. Fresh water was moving into the hole at a rate of 10 gphr, and the bailing
was stopped at 13 hours with the water level at 1,100 ft. Permafrost in this well
extended to a depth of 920 ft.

1959, Test wells, Square Lake and Wolf Creek areas, Alaska, with Micro-
paleontology of Square Lake test well 1 and the Wolf Creek test wells,
northern Alaska, by H. R. Bergquist: U.8. Geol. Survey Prof. Paper 305-H,
p. 423484,

Wolf Creek test well 2 encountered water at depths of 961 to 1,185 ft; its
flow was as great as 20 gphr and its salinity was 9,400 ppm.

Collins, F. R. See also Robinson, F. M., 1959.

Cook, F. A, 1955, Near surface soil temperature measurements at Resolute Bay,
Northwest Territories: Arctic, v. 8, no. 4, p. 237-249.

Little moisture migration occurs in shattered rock and gravel, but consider-
able migration takes place in clay. Upward migration of moisture to form
ice lenses in the clay left the lower part of the clay relatively dry. Lowering
of temperature in moist ground does not proceed at a uniform rate because
the loss of heat is temporarily compensated by the latent heat of fusion given
off, until all the water is converted to ice. Hydrostatic pressure developed in
the unfrozen material lowers the freezing point of the soil; this pressure is
due to downward squeezing between the advancing frostline and the permafrost
table and to an increase in volume of the moisture as the temperature of the
water is lowered. The maximum ‘“zero curtain” occurs just above the perma-
frost table where the water cannot escape.

Coulter, H. W. See Muller, E. H., 1954,
Cox, Allan. See Wahrhaftig, Clyde, 1959.
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Cressey, G. B., 1939, Frozen ground in Siberia: Jour. Geology, V. 47, p. 472-488.

A summary of knowledge through 1937, which includes discussion of distribu-
tion, types, zonation, depth, research history, relationship to glaciation and
present climate, origin of permafrost. Mentions well at Igarka (where perma-
frost is 57.5 m thick) that obtaing 800 buckets of water per day from an un-
frozen lens in the frozen ground.

Cronkwright, A. E., 1947, Water supply problems of the Arctic: Public Works,
v. 78, no. 8, p. 18-20,

In Arctic and subarctic regions abundant surface water of good quality can
be obtained from rivers and lakes in summer; but in winter surface water is
scarce, for rivers freeze nearly to the bottom and have restricted flow, and only
the deeper lakes have water beneath the ice cover. At an unspecified Army
post on Baffin Island plans were made for obtaining winter water supply from
a river that in summer was one-quarter mile wide and 10 to 20 ft deep.
Restricted streamfiow, thick ice, and drifting snow on the access road rendered
these plans impracticable, and water that was mineralized and of high color
was obtained from a lake. Permafrost extends into bedrock at least 100 ft
below the ground surface at this base and is hard to drill. The possibility of
using high-speed rock drills in frozen rock should be investigated. At a large
subarctic base, water was distributed by pipelines laid on the surface in in-
sulated boxes. At small bases, a location close to water, such a deep lake, is
required or else snow and ice can be melted for camp use.

Crowley, F. A, and Hanson, R. E., 1956, Seismic measurements in permafrost
areas of interior Alaska [abs.]: Alaskan Sci. Conf., 7Tth, Juneau 1956, Proc.,
p. 54; Geol. Soc. America Bull., v. 67, no. 12, pt. 2, p. 1086.

Extensive refraction seismograph measurements near Fairbanks succeeded
in mapping the upper surface of permafrost. Dispersion of flexural waves was
noted, but lack of adequate theoretical models prevented their use for thickness
measurements. Long distances required for dispersion measurements do not
permit sufficient resolution for prospecting applications.

Crumlish, W. S., 1948, Exploratory well drilling in permafrost, Fort Churchill,
Manitoba, Canada, July-November, 1947: Report on Project 8-75-01-001
submitted to Office of Chief of Engineers, U.S. Army, by Water Supply
Branch, Engineer Research and Development Laboratories, Fort Belvoir,
Va., Apr. 23, 1948.

A program of exploratory drilling, using a Failing 314-C rotary-drilling ma-
chine (wells 1 and 3) and a Star 718K percussion-drilling machine (wells 2,
4, and 5), was conducted to obtain information on well drilling, well develop-
ment, and ground-water sources in permafrost areas and to obtain a supple-
mental ground-water supply for Fort Churchill. Preliminary resistivity studies
indicated permafrost to be, at most, 40 ft thick and ground-water possibilities
poor, except for the south end of a gravel ridge in the south camp.

Well 1 penetrated 7 ft of gravel, 8 ft of clay, and 25 ft of coarse sand, clay
and gravel. Permafrost was encountered at 10-12 ft and a cave-in of frozen
ground at the bottom of the uncased hole caused the bit to hang up; efforts at
recovery of the bit failed when the sub, 7 ft from the surface, sheared. Besides
the fishing operations, blasting, excavation with a clamshell, steaming inside the
drill pipe, and lifting the drill tools by an A-frame and tractor all failed, and
the hole was abandoned.
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‘Well 2 penetrated 5 ft of gravel, 15 ft of sandy gravel, 3 ft of sand and clay,
17 £t of clay and gravel, 23% ft of glacial moraine, 271 ft of clay, sand and
gravel, and 115 ft of sand, bearing salt water (32.5 ft below sea level). Perma-
frost was encountered at 15 feet; the uncased hole caved badly to a depth of 20 ft,
and permafrost thawed between 25 and 27 ft. Temperature of the salt water in
the sand at 91 ft was 28°F. An attempt to drive the S-in. casing inside the
10-in. casing was unsuccesful because of freezing of surface seepage down the
hole into the permafrost zone, a broken segment of 10-in. casing at the 20-ft level,
and crushing of the 8-in. drive shoe at a depth of 33 ft. Further drilling was
discontinued because of inability to case the hole.

‘Well 3 encountered 20 £t of clay and gravel ; 11 ft of clay, gravel, and organic
matter; 10 ft of clay and gravel; 10 ft of clay; 21.7 ft of clay, gravel, and
organic matter; 0.8 ft of boulder limestone; 4.1 ft of gravel; 2 ft of sand (salt
water) ; 8.4 ft of clay and gravel; 3 ft of gravel; 34 ft of creviced dolomite;
4 ft of soft dolomite; 28 ft of clay and dolomite; and 37 ft of soft dolomite,
Attempts to bail the water seeping in from the sand at 77.6-79.6 ft resulted in
caving until the uncased hole was filled to within 15 ft of the surface., The hole
was redrilled before and after arrival of casing.

‘Well 4 penetrated 5 ft of gravel; 15 ft of sandy gravel; 3 ft of sand and
clay; 17 ft of clay and gravel; 23.5 ft of glacial moraine; 271 ft of clay, sand,
and gravel ; and 25 ft of sand bearing salt water. The hole was drilled less than
a foot from well 2,

Well 5 encountered 14 ft of gravel, 10 £t of sandstone, 5 ft of clay and gravel,
22 ft of sand and gravel, 3.6 ft of sandstone, 21 ft of sand containing brackish
water; 4 inches of sand was encountered at 20 ft. The yield of the water sand
when pumped with a 60 gpm Peerless deep-well Hi-Lift pump installed at a
depth of 625 ft was only 3 gpm at maximum drawdown, Three sticks of
60 percent dynamite were exploded in the bottom of the well (63.5 ft) ; the well
was bailed and drilled to 70 ft, at which point nine sticks of dynamite were
exploded at 67 ft. After explosion of the charge and bailing, the static water
level was 13 ft 11 in. from the ground surface. After several hours of test
pumping the yield was still 3 gpm at maximum drawdown. After exploding
a charge of 20 sticks of dynamite and bailing the well, drilling was continued
to 75 ft, at which point compressed air at 75 psi was used to surge the well for
2 hr; after surging, the well was drilled to 75 ft 6 in, at which depth solid
rock was hit and drilling suspended for fear of hitting salt water. After 9 hr
of pumping on Oct. 23 and 8 hr on Oct. 24, the yield of the well was 4 gpm at
a 60-ft drawdown.

The results of the exploratory drilling show that (1) salt or brackish ground
water is present beneath Fort Churchill, (2) presence of ground water in perma-
frost areas can best be determined by drilling, (3) drilling in permafrost at
Fort Churchill can be done with either rotary or percussion machines, (4) per-
cussion machine is more adaptable to drilling in permafrost than the rotary,
(5) modifications to both machines would make them more efficient, (6) addi-
tional tools and equipment would insure more efficient drilling operations.
Further drilling in permafrost areas should be undertaken to determine what
additional modifications to standard drilling equipment are needed, what addi-
tional equipment is needed, and what techniques are necessary to insure develop-
ment of ground water in permafrost areas.

Dall, W. H,, 1870, Alaska and its resources: Boston, Mass., Lee & Shepard, 627 p.

Reports that many springs along the coast near St. Michael and some to the
northeast near the village of Ulukuk remain unfrozen and flow all winter.
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Those near St. Michael have a temperature of 28° to 30°F, and those near Ulukuk
are 32° to 34° F.

Dall, W. H., 1881, Notes on Alaska and the vicinity of Bering Strait: American
Jour. Sci., v. 121, p. 104-111. .
Description of exposures of frozen ground and ground ice in coastal bluffs
from Return Reef to Barrow to Kotzebue Sound, including discussion of the
origin of the ice at Elephant Point, Eschscholtz Bay.

D’Appolonia, E. See Hardy, R. M., 1946,

Davis, T. N., 1958, Yakutat and Huslia earthquakes of 1956 [abs.] : Alagkan Sci.
Conf., 9th College 1958, Proc., p. 94-95.

Several thousand sand flows as much as one quarter of a square mile in area
were associated with the Huslia earthquake of Apr. 7. The sand apparently
flowed upward from old lake and stream beds currently covered with vegetated
dunes. Flowage was locally accompanied by collapse of the sand dune layer.

Davydov, L. K., 1953, Hydrography of the USSR, part I, General hydrology
[Gidrografiia SSSR, chast’ I, Obshchaia karakteristika vod]: Leningrad,
Leningradskogo Univ. Izd. 184 p.

The results of hydrological research are outlined. Annual variations in run-
off and its dependence on physiography are analyzed. Ice conditions in lakes
and rivers are described. The characteristies of anchor ice, sludge, pyatry, and
naledi (icings) are given, and various conditions attending their appearance
and favoring their development are discussed. Distribution of ground water
in the USSR, particularly in permafrost regions, is described.—From SIPRE
10346.

Demchinskii, B. N. See Sumgin, M. 1., 1940.

Demenitskaia, R. M., 1939, Prospects of seismic survey by the method of refracted
waves in the region of the Ust-Eniseisk Port: Problemy Arktiki, no. 5, p. 81—
92, [Russian.]

Dementiev, A. I, 1945, Action of the suprapermafrost stream during winter soil
freezing [Aktivnoe deistvie nadmerzlotnogo potaka v period zimnego pro-
merzaniia gruntov]: Akad. Nauk SSSR Vestnik, v. 15, no. 9, p. 75-76.

Water percolating in unfrozen ground above permafrost is subject to hydro-
static pressure which increases as the depth of the upper frozen soil increases.
A case is described demonstrating the magnitude of such hydrostatic pressure.
The active layer under a cabin was thawed by the heat of a stove. The pressur-
ized ground water rose to the surface and overflowed the cabin to the window
level. The water flowed from February to April, when weather conditions
completely thawed out the active layer.—From SIPRE U-1581.

Dementiev, A. I, and Tumel, V. F, 1946, Civil engineering in frozen soil,
U.S.8.R.: Canadian Geog. Jour. v. 32, no. 1, p. 32-33.

Yakutsk is an example of the types of ground-water problems solved in
engineering practice. The city obtained its water in the form of broken ice
from the Lena River in winter because it was too costly to build a main in the
permafrost. The water of the Lena is not suitable for drinking and requires
filtration ; the shifting channels would require constant shifting of the pumping
stations. Tolstikhin proposed using wells to tap the artesian water below the
700-ft layer of permafrost, and in 1940 a test well was bored to 1,600 ft which
yielded a sufficient quantity of water of good quality. At Irkutsk, in 1944, a
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larger well was drilled to a depth even greater than the one at Yakutsk. Pos-
sibilities of using artesian wells are good in other parts of Yakutia.

Dickens, H. B., 1959, Water supply and sewage disposal in permafrost areas of
northern Canada: Polar Rec., v. 9, no. 62, p. 421-432,

Permafrost restricts the movement of ground water and limits its use. Sup-
plies obtained from above or within the permafrost are of variable quantity and
of doubtful purity. Wells drilled through permafrost are costly and may require
controlled pumping or auxiliary heat to prevent freezing of the well. Over-
pumping may result in freezing of the aquifer.

1960, Construction in permafrost; obstacles of soil and climate: Canadian
Consulting Engineer, v. 2, no. 1, p. 33-37.

An exposition for the engineer of the basic properties of permafrost, in-
cluding discussion of the problems of water supply and sewage disposal.

Dickens, H. B. See also Legget, R. F., 1959.

Dobrovol’skii, V. P., 1959, Certain characteristics of the interpretation of elec-
trical sounding curves obtained during investigations of permafrost thick-
ness [Nekotorye osobennosti interpretatsii krivykh VEZ poluchennykh pri
issledovanii tolshchi mnogoletnemerzlykh gornykh porod]: Nauchn. Dok-
lady Vysshei Shkoly, Geol.-geog. nauki, ne. 2, p. 127-133.

Dostovalov, B. N., 1945, Method of examining rock formations using electro-
magnetic waves and its use in permafrost regions [abs.] [Metod pros-
vechivaniia gornykh porod elektromagnitnymi volnami i ego primenenie v
raionakh vechnoi merzloty]: Akad. Nauk SSSR, Referaty nauch.-issled.
rabot, 1944, Otdel, geol.-geog. nauk, p. 131, Moscow.

1947, Electrical characteristics of frozen ground formations [Elektricheskie
kharakteristiki merzlykh porod] : Akad. Nauk SSSR, Inst. Merzlotovedeniia
Trudy, v. 5, p. 18-35.

1956, Electrical prospecting of permafrost with the resistance method [Elek-
trorazvedka merzlykh porod metodam soprotivienii), in Tezisy i plany
dokladov * * * k soveshchaniiu 1956 po merzlotovedeniiu] : Akad. Nauk
SSSR, Inst. Merzlotovedeniia, no. 2, p. 41-42,

The use of the electric resistance method in permafrost is based on the de-
pendence of the resistance of frozen soil and rock on their ice content and
temperature and on the increased heterogeneity of resistances along horizontal
and vertical planes; it is governed by the necessity of accounting for perma-
frost conditions (primarily geothermal) together with geological conditions in
interpretation of results.—From SIPRE 17052.

1959a, Permafrost survey by the resistance method in northwestern Siberia
[Merzlotnaia s”emka metodom soproptivenii v usloviiakh severo-zapadnoi
Sibiri] : Akad. Nauk SSSR, Inst. Merzlotovedeniia im. V. A. Obrucheva
Trudy, v. 15, p. 47-80.

Studies were made in 1948 along the Poluya River, a right tributary of the Ob’
River to determine permafrost distribution and thickness and to test the applica-
bility of the method. The method is satisfactory for distinguishing between
permafrost and talik, determining their distribution, and, under favorable
conditions determining permafrost thickness.—F¥rom SIPRE 18235,

1959b, Permafrost investigations by the resistance method along the lower
reaches of the Indigirka River [Issledovanie merzlykh porod metodom sopro-
tivlenii nizov’e reki Indigirki] : Akad. Nauk SSSR, Inst. Merzlotovedeniia im.
V. A. Obrucheva Trudy, v. 15, p. 81-112,



72 GROUND WATER IN PERMAFROST REGIONS

Driatskii, V. M., and others, 1960, Development of the Arctic geophysical studies
for the period of 40 years: Problemy Arktiki i Antarktiki, no. 4, p. 97-110.
[Russian.]

Dubakh, A. D., 1940, Ground water in peat bogs [Gruntovaia voda v torfianom
bolote] : Gos. Leningradskogo Univ., Uchenye Zap. 50, Ser. geog. nauk, no. 2,
p. 58-66.

* * * 3 bog may be considered a lake in which the ground water is bound by
organic matter. Fluctuations of the ground-water table are related to air
temperature and precipitation, with maximum elevations in the spring and fall
and minimum elevations in the summer and winter—Geol. Soc. America, Bib-
liography and Index of Geology Exclusive of North America, v. 13, 1948, p. 73,
1949.

Dunbar, Moira, 1958, Curious open-water feature in the ice at the head of Cam-
bridge Fiord: Internat. Union Geodesy and Geophysics, Assoc. Sci. Hydrol-
ogy Gen. Assembly, Toronto 1957, v. 4, p. 514-519.

A circular pool in the fast ice of the fiord in northeastern Baffin Island was
first discovered in aerial photographs in April 1951. When first observed the
pool was 312 ft in diameter and near shore where the coast makes a right angle,
its center being 600 ft from the shore on either side of the angle. KEach year
the pool was observed in exactly the same place and varied in diameter from
156 to 229 ft. In mid-February through mid-March 1953 no pool was seen,
but it had reappeared at the time of the next observation fiight in April. No
relation could be found between the formation of the pool and meteorological
conditions. The origin of the pool may be attributed to the existence of a
narrow column of water welling up from under the ice and most probably
produced by underground water in the form of either a hot or cold spring. Many
faults in the hard rock of the area suggest that the springs from below the
permafrost are not improbable and would provide the narrow even column of
water required to produce such a pool. A possible explanation for the opening
of the pool in late winter is that freezing of the active layer reaches a stage at
this time of year that in some way affects the hydrostatic pressure and in-
ereases the flow of the spring.—From SIPRE 16959.

Dylikowa, Anna, and Olchowik, Julia, 1954, Frozen ground—general terms
[Zmarzlina-—projecia orolne] : Poland, Lodzkie Towarz. nauk., Biul, Pery-
glacjalny 1, p. 136-141. [Translated from Polish by T. Dmochowska.]

Dylikowa, Anna, and Olchowik-Kolasinska, Julia, 1955-56, Processes and struc-
tures in the active zone of perennially frozen ground, parts I and IT (Procesy
i struktury w strefie cznmej zmarzliny, czesc I, II): Poland, Lodzkie
towarz. nauk., Biul. Peryglacjalny 2, p. 197-203, 1955; no. 3, p. 119-124,
1956. [Translated from Polish by T. Dmochowska.]

Dzens-Litovskii, A. I, 1938a, Mineral lakes in the region of permafrost condi-
ditions [Mineral'nye ozera v usloviiakh vechnoi merzloty]: Akad. Nauk
SSSR, Trudy kom. vechnoi merzlote, v. 6, p. 79-105.

The hydrogeologic regimen of mineral lakes is very different in the permafrost
region from that elsewhere. In the Transbaikal, the lakes are rich in mirabilite,
sodium chloride, and soda. These lakes have never been connected with the
sea, and they are connected with a degradation of permafrost that developed
sinks and karst funnels as the ice melted. These thaw lakes widened under the
action of waves and freezing and thawing. Some of the lakes disappear as
permafrost degrades, permitting the water to drain underground. In frozen-
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ground regions where snowfall is light, surface waters are usually rich in salts.
The salts are a product of intensive winter weathering of the rocks. These salts
are carried by streams into the lake basins. Within the basins the 0.5- to 2-m
aquifer just above the permafrost is important in the balance of the lakes.
Mirabilite or soda deposited at low temperature in winter is partially dissolved
again in summer, and in some lakes the permanent salt deposit is as much as 3 m
thick. During freezing when the sulfates precipitate out, lake temperature sud-
denly rises 5° to 6°C, but later freezes to the bottom; in spring there is an
absorption of heat during solution of the sulfates. In some places soda is pre-
cipitated on the ice surface during freezing; this material is commonly blown
away by the wind. The lake-bottom mirabilite deposits may be worked like
mines on firm land because the lakes freeze down to permafrost in winter.—
From aunthor’s English summary.

1938b, Mineral lakes of the USSR, their types and geographical distribution:
Priroda, no. 11-12, p. 37-51.

1945, Kempendian deposits of ice salt [Kempendiaiskoe mestorozhdenie
ledianoi povarennoi soli-“Ledianki”] : Priroda, v. 34, no. 6, p. 41-44.

Mineral lakes in Yakut ASSR produce large amounts of Glaubers salt and
NaCl. Salt is extracted from brine by the freezing method near the Kempendian
deposits in the Viliui River basin. Salt mounds are formed from icing mounds
through the action of underground waters percolating through deposits of salt
and rising to the surface through hydrostatic pressure caused by frost action.
The processes by which icing mounds develop into salt mounds are described.—
From SIPRE U-3782.

1951, Permafrost on the bottom of Lake Razval at Sol-Iletsk [Mnogoletniaia
merzlota na dne ozera Razval v Iletskoi Zashchite] : Lab. gidrogeol. problem
Trudy, v. 10, p. 130-141.

The physiography of the region is described, including the extensive deposits
of rock salt near Lake Razval. The heavy salt content of the water prevents its
freezing. The upper layers of the lake are cooled to —20.5°C or lower by
winter air temperatures that drop to the vicinity of —40°C. Water tempera-
tures near the bottom remain below freezing even in summer and reach a maxi-
mum of —5° to —10°C in August.—From SIPRE 9042,

1954, Hydrogeological and geological factors in the formation of saline icings
[Gidrogeologicheskie usloviia formirovaniia solianykh naledei] :Moskovskogo
obshch. ispytatelei prirody Biull., Otdel. geol., v. 29, no. 3, p. 99-100.

Saline icings (naledi) are widespread in areas with NaCl deposits in the
permafrost zone of Yakutia. Severe freezing causes the formation of saline
icings in the Tien Shan, the Urals, Western Siberia, and Kazakhstan. The icings
are formed from surface and ground water and are either perennial or seasonal
phenomena. Hydrostatic pressure in the ground from the freezing of the salt
water causes severe ground deformation. The ice formed usually consists of
less than 1.5 percent NaClL—From SIPRE 12069.

1956, Hydrogeological peculiarities in the formation of the cryosphere of nat-
ural brine and salt lakes [Gidrogeologicheskie osobennosti formirovaniia
kriosfery prirodnykh rassolov i solianykh ozer], in Tezisy i plany dokladov
* * * k goveshchaniiu 1956 merzlotovedeniin: Akad. Nauk SSSR, Inst.
Merzlotovedeniia, no. 2, p. 32-34.

The characteristics and formation of a new type of permanently frozen matter

(brine), often found south of the permafrost line is described. Two types of
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saline permafrost are distinguished: frozen silt at the bottom of salt lakes and
frozen brine above, within, below, and at the margins of underground salt de-
posits. The survival of these layers in the frozen state is explained by the fact
that as the salt concentration increases by sedimentation, the layers lose the
properties common to fresh water and become similar to ordinary matter in
which no convection currents take place. The surface water of salt lakes be-
comes supercooled in winter (down to —21.5°C) and gradually settles to the
bottom, where it freezes. Brine found in the vicinity or within salt deposits
freezes only at below —21.5°C, forming both at the surface and in the ground
special forms of naleds, salt cones, etc. Natural frozen brine also promotes the
formation of saline thermokarst in salt-bearing areas.

Dzens-Litovskii, A, I., and Tolstikhin, N. I., 1936a, Balneological resources of
natural waters of USSR, their geographic distribution and methods of
calculation: Problems of Soviet Geology, v. 6, no. 7, p. 641-642, July.
[Russian.]

1936b, Hydrogeological investigations of mineral waters of Russia (O gidro-
geologicheskikh issledovaniiakh mineral’'nykh vod) : Razvedka Nedr, no. 11,
p. 1-6, Moscow.

1937, Mineral springs and muds of the Soviet Union: Priroda, no. 10, p. 104~
124; 1939, Geol. Soc. America, Bibliography and Index of Geology Exclusive
of North America, v. 6,1938, p. 73. [Russian.]

1948, Geographic rules of distribution of natural mineral water in the USSR
[Geograficheskie zakonomernosti raspredeleniya prirodnykh mineral’nykh
vod SSSR]: Vses. Geog. 8”ezd, 2d, Trudy, v. 2, p. 264-266.

Outlines the distribution of mineralized ground waters and mineral lakes in
the USSR. Three main types of ground waters (including springs) are dis-
tinguished—carbonate waters associated with the zone of Alpine folding and
with Tertiary-Quaternary volcanic zones, soda-bearing, sulfate-bearing, chloride-
bearing, and hydrocarbonate-bearing waters found in the peripheral zone of
Alpine folding, and chloride and sulfate waters occurring in platform regions.—
Geol. Soc. America, Bibliography and Index of Geology Exclusive of North
America, v. 18, 1953, p. 116, 1954.

Dzens-Litovskii, A. I. See also Gladtsin, I. N., 1936 ; Tolstikhin, N. I., 1938.

Eager, W. L., and Pryor, W. T., 1945, Ice formation along the Alaska Highway:
Eng. and Contract Rec., v. 58, no. 12; Public Roads, v. 24, no. 3, p. 55-74, 82.
Water that emerges at the surface and forms icings on or near the highway
comes from one or more of the following sources: (1) surface water flowing
in rivers, creeks, and small streams; (2) spring water from fissures and porous
strata at a definite point on or near the road; and (3) percolating water or
seepage from muskeg swamps, talus slopes, alluvial fans, bedrock strata, and
sloping ground with heavy vegetation cover. Between Whitehorse, Yukon
Territory, and Big Delta, Alaska, 28 percent of the road is built on permafrost,
and 68 percent of the icings occurred in the sections on permafrost. Icings are
most common above an elevation of 2,100 ft in rugged topography where
numerous small watercourses with steep gradients are intercepted by the high-
way, and where temperature fluctuates more widely than in the lowlands.

Eakin, H. M., 1912, The Rampart and Hot Springs regions [Alaska]: U.S. Geol.
Survey Bull. 520-1, p. 271-286.

In the Gold Mountain district, west of Tanana, prospect shafts on Grant
Creek are 30-135 ft deep; they have been abandoned because of the presence
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of moving ground water. On Illinois Creek, a 133-ft shaft was abandoned
before reaching bedrock for similar reasons.

1913a, A geologic reconnaissance of a part of the Rampart quadrangle, Alaska :
U.S. Geol. Survey Bull. 535, 38 p.

Except where unusual factors operate, the ground below a slight depth is
permanently frozen. It remains unfrozen about Hot Springs because of the heat
of the springs, and on some of the creeks where the gravels are unusually
permeable to circulating ground waters.—Author’s report, p. 12.

In the Gold Mountain area prospect shafts were abandoned without encounter-
ing bedrock because of the difficulties with moving ground water in unfrozen
ground at depths ranging from 30 to 135 ft.

1913b, Gold placers of the Innoko-Iditarod region [Alaska]: U.S. Geol. Survey
Bull. 542-G, p. 293-303.

Prospecting by means of shafts in the flood plain of Gaines Creek is hindered
because of thawed ground and the danger of flooding by ground water.

1914a, The Iditarod-Ruby region, Alaska: U.S. Geol. Survey Bull. 578, 45 p.

Extremely permeable gravel deposits are usually thawed, owing to the circula-
tion of ground water. Alluvial deposits of Yankee Creek are unfrozen where
being mined for gold. In most of the placer mines in the Ruby district the
ground is frozen to bedrock. However, on Quartz Creek, a tributary of Solatna
River, the placer deposits are 50-180 ft deep and the valley fill is frozen to
bedrock in all but the deepest places.

1914b, Placer mining in the Ruby district [Alaska]: U.S. Geol. Survey Bull,
592-7J, p. 363-369.

On Long Creek some of the deeper prospect shafts have encountered thawed
ground, and ground water has hindered prospecting. The use of a drill is
recommended in this type of prospecting.

1915a, Placer mining in Seward Peninsula [Alaska]: U.S. Geol. Survey Bull.
622-1, p. 366-373.

A possible method of thawing the coastal-plain deposits more cheaply by
means of ditch water is suggested by the results of an artificial drainage project
in the vicinity of Nome. A drainage ditch was dug across the tundra at a
short distance from one of the natural watercourses and parallel with it. In
places the excavation penetrated through the muck and into the surface of the
underlying gravels. After a time it was noted that considerable water was
lost from the ditch by seepage, presumably through the gravels toward the
natural watercourse, along which there was a zone of thawed ground. Later
the thawed strip of gravel along the stream was dredged, and it was found that
the area between the ditch and the stream was also thawed and available for
dredging. Apparently the ditch water seeping through the gravels eliminated
the ground frost to progressively greater depths, until the circulation affected
the whole thickness of the gravels down to bedrock. The depth of thawing the
first summer exceeded the depth of winter frost of the following season, so that
the second summer’s thawing was added to that of the first, and so on to
bedrock. It is estimated that the surface of ground frost was lowered about
20 ft a year.

This occurrence accords with the laws of ground-water circulation as developed
by Slichter and applied by Van Hise. The waters do not move in straight lines
between the point of entrance into the gravels and the point of their withdrawal,
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but tend to follow a number of divergent paths from the former and of convergent
paths near the latter. The coastal-plain gravels, where thawed, are fairly
homogenous and offer a nearly uniform degree of permeability to ground waters.
The ideal circulation would be modified at the inception of the process by the
high level of the surface of ground frost. As this surface was lowered by the
influence of the relatively warm ditch waters the circulation would take on more
and more of the ideal form. The rate of circulation of ground water is affected
by the difference in elevation between the points of entrance and exit, being
more rapid under a higher head. The depth of gravels affected would depend
somewhat on the horizontal distance between these points.—Author’s report
p. 368-369.

Eakin, H. M., 1915b, Mining in the Fairbanks district [Alaska] : U.S. Geol. Survey
Bull. 622-G, p. 229-238,

Claim 1 below on Cleary Creek has 6-12 £t of muck covering gravel and bedrock
that lies 16-22 ft deep. Most of the ground is thawed, and only isolated
patches of frozen ground occur. Downstream from claim No. 10 below, however,
and in the Chatanika Flats the alluvium is 34-140 ft thick and is perpetually
frozen.

1915¢, Mining in the Hot Springs district [Alaskal: U.S. Geol. Survey Bull.
622-G, p. 239-245.

On the Midnight Sun claim, one-quarter mile northwest of Tofty, the placer

ground is 50 to 65 £t deep and most of it is perpetually frozen. The mine became

flooded when workings penetrated unfrozen gravel containing ground water.

1916, The Yukon-Koyukuk region, Alaska: U.S. Geol. Survey Bull. 631, 88 p.

Except on creeks where gravels are permeated by circulating ground water and
near hot springs, the ground below a slight depth is permanently frozen in places
to depths of 130 £t or more.—From author’s report, p. 18.

Eakin, H. M. See also Smith, P. 8., 1910, 1911.

Eardley, A. J., 19382, Unconsolidated sediments and topographic features of the
lower Yukon valley : Geol. Soc. America Bull., v. 49, p. 303-341.
1938b, Yukon channel shifting: Geol. Soc. America Bull., v. 49, no. 3, p. 343-
358.

Eckhart, R. A, See Moxham, R. M., 1956.

Efimov, A. I, 1944, Regime of ground water in deeply frozen ground under
heated buildings [Glubokoe promerzanie gruntov i rezhim nadmerzlotnykh
vod pod teplymi zdaniiami] : Akad. Nauk SSSR, Inst. Merzlotovedeniia im.
V. A. Obrucheva Trudy, v. 4, p. 205-225.

The relationship between the depth of seasonal frozen soil and the ground-
water level was investigated under two heated buildings during the winters of
1941-43 in the southern part of a permafrost area. The permafrost was 4-15 m
thick with an active layer of 3—4 m, had temperatures of —0.2° to —0.3°C and
moisture contents of 17-40 percent. The ground-water level began to increase
when seasonally frozen soil reached the water layer. The ground-water level
varied between 2.2 m in March and 3-5 m in November-December. The tempera-
ture of the ground water was high enough under buildings to cause thawing of
the permafrost. The indications are that the permafrost will be completely
thawed within 5-8 yr.—From SIPRE U-5568.
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1945a, Hydrological observations under permafrost conditions: Acad. Sei.
USSR, Div. Geol. and Geog. Sci.,, Work of the Obruchev Inst. Permafrostol-
ogy, 1944, p. 114-132. [Russian.]

1945b, The Yakutian artesian basin of underground waters below the perma-
nently frozen ground [IAkutskii artesianskii bassein podmerzlotynykh vod] :
Akad. Nauk SSSR Izv., Ser. geol., no. 4, p. 128-140.

Geologic investigation of the central Yakutian artesian basin, near the city
of Yakutsk, indicated that the ground waters came from beneath permafrost
and occurred in sandstone and conglomerate of Lower Jurassic age, which forms
a slightly inclined trough of large size. Permafrost is 216 m thick and of con-
tinuous extent, but thawed ground may exist beneath the Lena and Aldan
Rivers, which may feed the underground waters. Near Yakutsk the waters
beneath permafrost occur in the interval between 320 m and 500 m, or deeper,
and are under sufficient pressure to rise to a level only 78 m below land sur-
face. The temperature of the waters is 2.8°C at a depth of 500 m. Chemical
analysis of the water shows a total of 1,352.7 mg per liter, including 365.7 mg per
liter Na+K, 142.5 mg per liter Cl, 257.6 mg per liter SO, and 550.8 mg per
liter HCO:".—From Russian, p. 135; author’s English summary, p. 140.

1946, Subpermafrost waters of the central Yakut region [Podmerzlotnye vody
tsentral’'noi IAkutii] : Priroda, v. 35, no. 7, p. 50-53.

Permafrost is as much as 200 m ‘thick at Yakutsk, where subpermafrost waters
had to be utilized because of inadequate shallow water supplies. The subperma-
frost waters occur 320-500 m below the surface and rise in drill holes to a
depth of about 80 m. Springs of subpermafrost waters near Yakutsk are sterile
and have a low mineral content. Because of low temperatures in the ground,
the flow of water must be continuous and may even require some heating to pre-
vent freezing.—From SIPRE U-824.

1947a, Character of suprapermafrost waters underneath warm buildings [abs.]
[Rezhim nadmerzlotnykh vod vnutri konturov teplykh zolanii] : Akad. Nauk
SSSR, Otdel. geol.-geog. nauk, p. 158-159.

Near Chita, in eastern Transbaikal, water-bearing gravelly Quaternary de-
posits are underlain by perennially frozen, massive clay of Jurassic age. Dur-
ing the winter partial freezing of ‘the upper part of the water-bearing deposits
to a depth of 4 or 5 m establishes pressure. Beneath heated buildings, where
there is no seasonal freezing, the level of the pressurized water in the supra-
permafrost layer rises 1-1.5 m during the period from January to May. The
unfrozen ground under the structure where the water level rises extends
throughout the entire area of the structure and sometimes even beyond it. The
periodic wetting and drying of the ground under the foundations due to seasonal
variation in the level of the suprapermafrost water is one factor that weakens
the bearing capacity of the ground supporting the foundations. Complicated
measures are needed to prevent the rise of water level, and it is best to avoid
using areas that develop a semifreezing suprapermafrost layer for erection of
large heated structures.—From Minnesota Univ., 1950, p. 74.

1947b, Formulation of thermokarst lakes in Yakutia [abs.]: Akad. Nauk
SSSR, Referaty nauch.-issled, rabot, 1945, Otdel. geol-geog, nauk,
Permafrost and hydrogeological studies made in 1945 of the Churapcha region
on the Lena-Amginsk divide shows that ground ice in the form of layers 15 to
20 in. thick is widespread. Melting of the ground ice in local areas results in
formation of a large number of thermokarst lakes, which are classifiied as fol-
lows: (1) lakes of river origin which are basically old riverbeds, (2) thermo-

735-894—65——6
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karst lakes having a short annual contact with surface streams, (3) thermokarst
lakes which have no contact with surface streams because the streams have been
dry for several years, (4) lakes of thermokarst origin having no contact with
streams and feeding on water flowing down mountain slopes, (5) thermokarst
lakes outside the range of surface flow, generally located on flat or elevated
topography. The latter group can be subdivided into (a) lakes being formed,
(b) existing lakes, and (c) drying lakes. The final stage is represented by a
dry depression. The dry climate (precipitation 200 mm, evaporation about 350
to 400 mm) causes drying of lakes that are not replenished by surface water.
Lakes of all groups except 2 and 3 have a high mineral content ; even those lakes
that are replenished by surface waters are not suitable for water supplies for
large centers of population, in which case it is necessary to plan for utilization
of the waters under the permafrost layer.—From Minnesota Univ. 1950, p. 73-74.

Efimov, A. L., 1947c, Suprapermafrost conditions: Acad. Sci. USSR, Div. Geol.
and Geog. Sci., Collected works of the Obruchev Inst. Permafrostology, 1945,
p. 152-173, [Russian.]

1952, Non-freezing fresh water springs of the Ulakhan icing in central Yakutia
[Nezamerzaiushcehii presnyi istochnik Ulakhantaryn v tsentral’'noi IAkutii] ;
Akad. Nauk SSSR, Sbornik Issled. vechnoi merzloty v IAkutskoi Respublike,
no. 3.

1954, Water supply of central Yakutia [Istochniki vodosnabheniia tsen-
tral’'noi IAkutii]: Akad. Nauk SSSR, Materialy o prirodnyk usloviiakh
i sel’skom khoziaistve tsentral’noi IAkutii.

1957, Certain characteristics of the use of ground water under various hydro-
geologic conditions in southern and central Yakutia [Nekotorye osobennosti
ispol’zovaniia podzemnykh vod pri razlichnykh gidrogeologicheskikh
usloviiakh v iuzhnoi i tsentral’'noi IAkutii], in Materialy po podzemnym
vodam Vostochnoi Sibri; Irkutsk, Akad. Nauk SSSR, Vostochno-Sibirskii
Filial, p. 172-176.

Permafrost and hydrogeological conditions of southern and central Yakutia are
described, and the problem of water supply is considered. The thickness of
permafrost in the region increases in the direction of the main tectonic structure
of the east portion of the Siberian plateau and not from south to north. Within
the Aldan-Olekminsk highland, permafrost is 100-150 m thick and occurs in
conjunction with large water bearing taliks found under rivers, in tectonic dis-
turbances, composite fissured sedimentary or metamorphic rock, and karst areas.
In southwestern Yakutia, permafrost reaches a thickness of 100-120 m and
thawed areas are found in tectonic disturbances or karst. North of the Aldan
highland permafrost reaches a thickness of 200-500 m and thawed ground is rarer
than in the south.—From SIPRE 18017.

1959a, Certain characteristics of the formation of ground water in southern
and central Yakutia [Nekotorye osobennosti formirovaniia podzemnykh vod
v predelakh iuzhnoi i tsentral’'noi IAkutii]: Akad. Nauk SSSR, Inst. Mer-
zlotovedeniia, Materialy obshchemu merzlotovedeniiu, p. 128-137.

Perforating taliks play the most important role in the relation between surface
and ground water, their existence and that of thawed ground being determined
by erosion, the size, permanency, and depth of water bodies, the composition
of the ground underlying water bodies, chemical processes in the ground, and
the circulation of infiltrating and ground water. Considerable areas of thawed
ground are found near water bodies in the Aldan-Olekmingk highlands, where
permafrost is 100-150 m thick, together with numerous permanent springs. In
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southwestern Yakutia permafrost is discontinuous, reaches a maximum thickness
of 100-200 m, and taliks occur in river beds. In the lowlands north of the Aldan
highland, permafrost reaches a thickness of 200-250 m and its continuity is
more rarely interrupted, perforating taliks being found only under large rivers.
In central Yakutia, permafrost reaches a thickness from 200-600 m, or more,
and taliks are encountered under water bodies. Permafrost in western Yakutia
reaches a thickness of 200 m and is generally continuous, while south of the
Lena-Vilyui lowland it is estimated to be 300400 m or more thick, and taliks
are possible only under the Lena River. The sources of supply of ground water
in the various regions are discussed, and the possibility of exploiting the water
is considered.—From SIPRE 17938.

1959b, Hydrogeologic features of diamond deposits of the pipe “Mir” area in
southwestern Yakutia [Gidrogeofogicheskie osobennosti mestorozhdeniia
almazov trubki “Mir” v iugo-zapadnoi IAkutii]: Moskovskoe obshch.
ispytatelei prirody Biull., new. ser., v. 64, Otdel. geol., v. 34, no. 3, p. 150-
151.

Describes reserves, temperature, mineralization, and occurrence of ground
water in the border zone of the Tunguska and Vilyuy synclines. Data are given
on ground water conditions and temperature at depths of 12-15 m and at 170
m. Ground water from these depths cannot be used for diamond-producing enter-
prises, and a suitable supply should be obtained from unfrozen basic rocks at a
depth of approximately 400450 m.—From Arctic Bibliography 57826.

Efimov, A. L, Kachurin, S. P., and Solov’ev, P. A., 1947, Permafrost hydrogeologi-
cal sketch of surroundings of Churapchi settlement in Yakut ASSR [abs.]
[Merzlotno-gidrogeologicheskii ocherk okrestnostei poselka Churapchi v
IAASSR] Akad. Nauk SSSR, Referaty nauchn.-issled, a rabot 1945,
Otdel. geol.-geog. nauk, p. 1569-160.

An aerial survey of the Lena-Amgin divide was made to locate sources of
water supply. The aerial photographs on a 1:60,000 scale indicated that 65
percent of the area was free of cave-ins, and 33.5 percent of the land contained
cave-ins ranging from 5 to 18 m in depth. Thermokarst lakes were found on
1.4 percent of the area and erosion lakes on 0.1 percent of the land surveyed.
The upper 70 m layer of the soil was analysed. Ifs composition from the surface
downward is as follows: 2-5 m of clay and sandy loam, ground ice of firn origin,
clay soils with ground ice, interstratified clay and sandy loam, and coarse, gravel-
like sand. There was no suprafrost water. It is suggested that the ground ice
might be utilized as a source of water supply by the artificial creation of thermo-
karst lakes.—From SIPRE U-1649.

Efimov, A. I, Melnikov, P. I, and Solov’ev, P. A,, 1945, Water below the perma-
nently frozen ground in the region of the town of IAkutsk [Podmerzlotnye
vody raiona IAkutska]: Akad. Nauk SSSR, Referaty nauchn.-issled. rabot,
1944, Otdel. geol.-geog. nauk, p. 130,

Review of special investigations in the Yakutsk region during 1938-44. The
measurement of the earth’s femperature at depths to 500 m is given. In this
area the under layer of permafrost occurred at a depth of 204 m.—Meteorol. Abs.
and Bibliography, March 1951, v. 2, no. 3, p. 226.

Ellsworth, C. E., 1910a, Placer mining in the Yukon-Tanana region [Alaska]:
U.8. Geol. Survey Bull. 442-F, p. 230-245.

Difficulties were encountered on Treasure Creek in 1909 in attempting to work
deep placers by underground methods because of the presence of ground water.
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A reservoir of ground water that limited mining on claims 8 9, and 10 below
Discovery on Cleary Creek had to be drained by constructing a tunnel. Pres-
ence of thawed gravel and underground water channels which flood mine
workings hindered development of rich placer ground on Little Minook Creek
near Rampart. In the Hot Springs mining district, near Eureka Creek, a churn
drill hole 200 ft was suspended for lack of casing; the purpose of the well was
to obtain artesian water, and drilling was to have been continued during the
winter of 1909-10. In the Salcha-Tenderfoot area, drift mining on Caribou and
Butte Creeks was hindered by ground water in thawed ground.

Ellsworth, C. E., 1910b, Water supply of the Yukon-Tanana region [Alaska],
1909; U.8. Geol. Survey Bull. 442-F, p. 251-283.
Impermeability of the frozen ground prevents significant underground storage
of water and makes uniform distribution of the total runoff impossible. Water
derived from thawing of frozen ground during summer is of minor importance.

Ellsworth, C. E., and Parker, G. L., 1911, Placer mining in the Yukon-Tanana
region [Alaska] : U.S. Geol. Survey Bull. 480-G, p. 153-172.

Ground water occurred in thawed ground in placer workings on Engineer
Creek, Fairbanks district.

Enenshtein, B, S., 1947, The results of the application of electromagnetic investi-
gations by direct current in the region of permafrost [Result’taty primeniia
elektrorazvedki metodom postoiannogo toka v raionakh vechnoi merzloty]:
Akad. Nauk SSSR, Inst. Merzlotovedenie Trudy, v. 5, p. 36-86.

The object of the study is to show that the theory that permafrost is a
nonconductor is false, that it is a semiconductor instead, as demonstrated by
laboratory and field investigations. Hlectrical resistance of unfrozen forma-
tions is influenced by (1) porosity, form and size of the pores, (2) degree of
saturation of the pores by ground water, (3) character, chemical content, and
concentration of salts and acids in the water, (4) temperature of the electrolyte
which fills the pores, (5) structure of the formations, (6) geologic factors, such
as weathering, and (7) state of the water in the pores. The resistance is in
inverse proportion to the porosity, in direct proportion to the resistance of
pore water, and in inverse proportion to the degree of concentration of the
solution. Resistance decreases with increase in temperature of the electrolyte,
and in well-laminated formations the tendency is to conduct current along and
across the laminae. Weathered formations have less resistance, but an in-
creage in degree of cementation increases resistance. .

In the Tolba River area of Yakut ASSR, exploration for oil was made in terrain
underlain by a layer of clay sand, a 1-m layer of crystalline ice, and a perma-
frost layer. The presence of the ice distorted the electrical cross section and
prevented determination of the position of the thawed and frozen layers. The
presence of the ice both in the permafrost and on its surface could be deter-
mined by electric methods. Permafrost layers under natural conditions, even
at a temperature of —3° to —4°C, act as a conductor of electrical current.

Investigations at Nordvik at the mouth of Khatanga Bay were hampered
by the presence of as much as 20 m of fossil ice, but were aided by the presence
of concentrated salt solutions within the formations. At Amderma the perma-
frost extends from a depth of 0.5-2 m down to more than 300 m. Salt sea
water had infiltrated into the permafrost and numerous layers of thawed
ground as much as several meters thick occurred. The presence of salt water
and thawed zones may have affected the results of electric conductivity studies.
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Studies along the Baikal-Amur railway showed that (1) direct current can
be used for electric sounding under the type of permafrost conditions that
exist in the Far East, (2) when the upper thawed layer is heterogeneous, the
upper layer of permafrost cannot be determined accurately, and (3) the chart
of resistances based on the profiles does not give sufficient information for
mapping the distribution and limits of the ice incrustations.

The electric sounding method was employed to determine the top and bottom
of permafrost in the Bukachacha coal region, but it was not possible, because
of permafrost, to permit electrodifferentiation of geological layers in the
permafrost-free zone. In the study of Sarasun region the electric sounding
method was used to show the position of the base of permafrost, and the
results were checked by borings; under favorable conditions in this region
the methods could be used also in the search for mineral waters. Work at
the Lenin and Krutoy gold mines in the Lapa-Vytim region showed that
permafrost, even at —3°C, acts as a conductor for electrical current. At
Igarka the electrical method was used to determine the thawed zone, the upper
and lower limits of permafrost, as well as the depths of the basic formation.—
From abstract by E. A. Golomshtok for Stefansson Collection, Dartmouth
College Baker Library, Hanover, N.H.

Engineering and Contracting, 1922, Methods and cost of thawing frozen gravel
by means of cold water : Eng. and Contracting, v. 57, p. 1567-158.

In experiments at Candle, Alaska, frozen gravel was thawed by blocking off
the area to be dredged, sinking a shaft to bedrock, and then pumping water
from a nearby creek through the active zone of the gravel. Layers of muck
were thawed with cold-water points so that a seepage of water from the creek
to the shaft was maintained. The frost line gradually descended to the bottom
level of the shaft, and an area 790 by 235 ft and 60 ft deep was thawed by
80 hrs of pumping.—From SIPRE U-398.

Engineering and Mining Journal, 1915, Koyukuk placer-mining district: Eng.
Mining Jour., v. 99, p. 1021-1023.

An inclined shaft 80 ft deep encountered water on Discovery claim 1% miles
above the mouth of Hammond River. <Claim 3 above has thawed ground, con-
sisting of large boulders and gravel, resting on bedrock, at a depth of 95 ft. A
shaft on claim 5 above was flooded out. The lower Hammond River is known
for the occurrence of “live water” in the gravel above bedrock. Prospecting
on Rye Creek, a tributary of Flat Creek in the Wild River drainage, has been
hindered by the presence of ground water. A deep gravel-filled channel on
Marion Creek has not been worked because of the presence of ground water
above bedrock.

1917, Ground frost in Alaska: Eng. Mining Jour., v. 104, no. 11, p. 491.

Alluvial deposits in the Klondike district are frozen to a depth of around
200 ft. Those at Fairbanks are frozen to depths of more than 200 ft, and in
one shaft 318 ft of frozen alluvium was encountered. On the Seward Peninsula
many holes encounter more than 75 ft of frozen alluvium, and one was dug
in more than 200 ft of frozen material. Some ground is not frozen. TUnder-
ground channels of water raise havoc with mining operations, but occur in only
a few places.

Engineering News-Record, 1940, Army builds an arctic air base : Eng. News-Rec.,
v. 125, no. 17, p. 558-559.

Drilling during the winter of 1939-40 at Ladd AFB (now Fort Wainwright)
encountered 80 ft of permanently frozen ground beneath which lay water-bearing
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gravel. Two wells, 18 and 24 in. in diameter, drilled to a depth of 100 ft yield
3 mgd.

Erman, Adolph, 1838, Notes on the frozen soil in Siberia: Royal Geog. Soc.
[London] Jour., v. 8, p. 212-213.

The well at Yakutsk was observed when at a depth of 50 ft; temperatures
measured by inserting a thermometer in the frozen clods of earth being thrown
from the hole were —6° Reaumur. On the basis of calculations of the geo-
thermal gradient, a thickness of 500-600 ft of frozen ground was expected.

Ermilov, I. IA, 1934, Influence of permafrost on relief (O vliianii vechnoi
merzloty na relef) : Gos. geog. obshch. Izv., v. 66, no. 3, p. 377-388.

Ground water in regions of permafrost plays a double role; it works as a
destructive agent, and it also favors the constructive processes. The action of
freezing temperature contributes to the formation of the following features;
polygons, hummocky slopes, sharp ridges separating the gullies, swelling hum-
mocks and spots in tundra, hummocks in peat bogs, and cemetery hummocks.
Large swelling hummocks and ridges whose height reaches tens of meters,
naledi, and taryny are related to the deep ground water and artesian water.
Melting of ground ice causes the formation of karst funnels, underground
streams, disappearing rivers, and other features characteristic of karst regions.—
From unpublished translation and emendation by I. V. Poiré, 1949,

1947, Hot springs in the Mukunga River valley [Termal’nye istochniki na r.
Mukunge] : Vses. geog. obshch, Izv,, v. 79, p. 657-658.

The physiography of hot springs along the upper Bureya River (Khabarovsk
area) was studied in 1946. The penetration of warm water through fissures
in permafrost at one point has caused thawing of the permafrost and the forma-
tion of a swamp about 75 m in diameter, and of many smaller swampy spots in
the vicinity. Some hot springs in the valley of the Solon’ River have caused
the formation of icings.—From SIPRE 9326.

Ermolaev, M. M, 1932, Geological and geomorphological outline of Bolshoi
Lyakhov Island [Geologichegkii i geomorfologicheskii ocherk ostrova Bol’-
shogo Liakhovskogo]: Soveta izuch. proizvoditel'nykh sil, Trudy, Ser.
TAkutskaia, v. 7, p. 147-228.

Ernshtedt, A. V. See Tolstikhin, N. I., 1937, 1938.

Essoglou, M. E., 1957, Piling operations in Alaska : Mil. Engineer, v. 49, p. 282-287.

This article gives a detailed description of subsurface exploration at the U.S.
Air Force installation 3 miles west of Bethel. A test well, 290 ft deep, was
drilled in a draw on the south slope of the 180 ft hill on which the installation
is located and 1,500 ft to the south. The well encountered no permafrost
except for a 4-ft layer at a depth of 45 ft.

Fagin, K. M., 1947, Drilling problems in Alaska: Petroleum Engineer, v. 19,
no. 1, p. 180, 182, 184, 186, 188, 190.

In northern Alaska permafrost ranges from 600 to 1,000 ft thick. Isolated
islands of unfrozen ground have been found in riverbeds and other places.

Fal’kovskii, N. I, 1948, Water supply and sanitary engineering in the USSR
[Vodosnabzhenie i sanitarnaia tekhnika v SSSR]: Moscow, Ministry Com-
munal Economy, USSR, 108 p.

Development and recent achievements in the field of water supply and sanitary
engineering, including some statistical data.
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Fernald, A. T., 1959, Geomorphology of the Upper Kuskokwim region, Alaska :
U.8. Geol. Survey Bull. 1071-G, p. 191-279.

‘Wells at McGrath on the flood plain of the meandering Kuskokwim River
provide subsurface data on frozen ground in the lowland. On the older parts
of the meander scrolls 5 wells passed through the bottom of permafrost at
depths ranging from 15 to 40 ft, and 6 wells at depths of 40-50 ft. Wells on
the newer parts of the meander scrolls, including the 262-ft Federal Aviation
Agency well, are free of permafrost. At Farewell Federal Aviation Agency
airstrip a 360-ft well passed through a zone of permafrost the bottom of which
is reported as both 12 and 125 £t by different sources.

Filatov, K. V. See Lange, O. K., 1947.
Filosofov, G. N. See Ponomarev, V. M., 1960.

Flint, R. F., 1957, Glacial and Pleistocene geology : New York, John Wiley & Sons,
563 p.

Fotiadi, E. E, ed., 1940, Geophysical methods of prospecting in the Arctic:
Leningrad, Arctic Inst. of Chief Administration of Northern Sea Route
Trans., no. 151, 104 p. [Russian.]

Application of gravimetric, electrical, and seismic methods under arctic condi-
tions, including a discussion of geophysical work at Nordvik, Ust’ Port, and
the Yukorsk Peninsula and in the Adicha-Yansk region.—From U.S. Geol. Sur-
vey Bull. 932-A, p. 29, Geophys. Abs. 5964.

Fraser, J. K,, 1956, Physiographic notes on features in the Mackenzie delta area.:
Canadian Geographer, no. 8, p. 18-23.

Associated with landslide debris on the slopes of low hills bordering the east-
ern margin of the Richardson Mountains, near Aklavik, Northwest Territories,
are three pingolike features. Pingos, according to most workers, are formed
by hydrostatic pressure in a subsurface layer of unfrozen soil confined by
frozen layers. This pressure forces a mixture of water and fine materials
upward through a rupture in the upper permafrost layer; their formation
appears to require fine homogeneous material saturated with water, as, for
example, occurs in shallow ponds or old lake beds. The pingos on the slopes
of Mount Goodenough (Black Mtn.) are (1) a conical hill 60 £t high containing
a crater with a pool 25 ft across, (2) a circular pool 40 ft across in which the
ice was cracked and arched, with mud showing in the crack, and (3) a circular
crater about 85 ft in diameter contained by a low rim about 18 ft high and
breached downslope. Two theories of origin are advanced: (1) that they are
of thermokarst origin, and (2) that their formation is similar to that of pingos.

Frost, R. E., 1950, Permafrost : Ann. Road School, 36th, Apr. 10-13, Proc., Purdue
Univ., Eng. Bull,, v. 34, no. 3, p. 101-111.

1952, Interpretation of permafrost features from airphotos: Natl. Acad. Sci,
Natl. Research Council, Highway Research Board, Frost action in soils, a
symposium, Spec. Rept. 2, p. 223-246.

Pingos are of three types: (1) true pingos or frost mounds, the result of
upheaval of the earth’s crust from pressure of ice beneath the surface, (2) iso-
lated dome-shaped terrace remnants which are made conical as a result of the
peculiar arctic erosion and dissection, and (3) mounds formed by upward flow
of water and (or) soils to the surface through some type of orifice. An example
of a mound constructed by upward flow of water and (or) soil occurs in the
Copper River valley near Gulkana. The mound is locally called a mud volecano,
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and the surrounding trees are still being buried by material moved down the
slopes. Also cited is a mound in the Ruby district in which earth material is
brought up by a spring. Various theories of origin are discussed.

Gal’tsov, A, P,, 1958, New research program on the problem of the hydrothermal
regime of the earth’s surface, its role in the dynamics of natural phenomena,
and methods of modifying it for practical purposes [Novaia programma
issledovanii po probleme teplovogo i vodnogo rezhima zemnoi poverkhnosti,
ego roli v dinamike prirodnykh iavienii i metodov preobrazovaniia dlia
praktcheskikh tselei] : Akad. Nauk SSSR Izv., Ser. geog., no. 6, p. 3-15.

Individual problems needing studying to assess the role of hydrothermal
regime at the earth’s surface in the formation of climate and regional geographi-
cal characteristies are discussed, and various methods of investigations are out-
lined. The research problems on the program include: radiational heat
exchange at the earth’s surface; turbulent heat and moisture exchange between
the ground and the atmosphere, surface runoff, soil-water movements; and
heat and moisture exchange between different geographical regions; the forma-
tion, dynamics, and thermal regime of snow cover and the hydrothermal regime
of the subtended soil; the formation and dynamics of continental glaciers—
those of seasonally and permanently frozen ground and those of surface and
ground water and denudation processes.—From SIPRE 17062.

Garmonov, 1. V., 1956, Hydrochemical zones of ground water [Gidrokhimi-
cheskaia zonal’nost’ gruntovykh vod] : Priroda, v. 45, no. 3, p. 83-86, March.

The effects of permafrost, climate, and other factors on chemical composition
of ground water in European Russia are discussed, and four hydrochemical zones
are discerned. The lowest mineral content is characteristic of the tundra zone
where the permartrost table is located at depths from 0.25 m 1n peat soil to 3
m in alluvium and diluvial deposits. 'The mineral content is usually not more
than 0.1-0.15 gm per liter. Ground water in permafrost contains numerous
acidic organic substances, and hydrocarbonates prevail as anions. The cation
content varies considerably with physiography and soil composition.—From
SIPRE 13649.

Geniev, N. N. See Sumgin, M. I., 1939.

Gersht, E. P., 1957, The use of radioactive isotopes in meteorology and hydrology
[Ob ispol’zovanii radioaktivnykh izotopov v meteorologii i gidrologii]:
Meteorologiia i Gidrologiia, no. 8, p. 62-64.

The principles of measurements with radioactive isotopes and their applica-
tion to hydrometeorological problems are discussed. Measurements of scatter-
ing of nuclear radiation can be used to determine the moisture content of
frozen ground.—From SIPRE 16097.

Ghiglione, A. F., 1951, Problems of icing on roads and airfields: Paper delivered
before Am. Soc. Civil Engineers, New York, Oct. 23, 1951.

Icings are common in the permafrost region at springs or seepages exposed by
excavation, at drainage facilities where lack of ingulation causes ice formation,
and at fills where frost dams obstruct subsurface or surface flow. A rainy
period before freezeup increases the flow of ground water in winter and causes
more numerous and heavier icings. An early heavy snow insulates the ground
and tends to minimize ice formation. Prolonged freezing weather with little
snow causes considerable icing. A severe winter with long periods of extreme
cold freezes back and stops the flow of ground water which causes the
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seepage icings, but increases the formation of river icings; a mild winter may
have the opposite result.

1956, Highways, bridges, and protection from ice damage, in The Dynamic
North, U.S. Navy, Tech. Assistant to Chief of Naval Operations for Polar
Projects (OP-03A3) : book 2, table 11, 7 p.

Among the highway maintenance problems are icings, termed ‘“glaciers” by
maintenance men. Effluent-seepage icings are formed where ground water
emerges at the surface and freezes in winter. River icings, formed where a
stream freezes to its bed, are found where the stream flows over permafrost and
are largely limited to interior Alaska.

1957, Subarctic highway construction and maintenance: Science in Alaska,
Alaskan Sci. Conf., 5th, Anchorage 1954, Proc : p. 16-21.

Permafrost, estimated to underlie 80 percent of Alaska, impedes subsurface
drainage and permits formation of a glide plane lubricated by water that favors
creep and viscous flow of the active layer over permafrost. Surface icing is
commonly associated with permafrost. Icings form where springs and seepages
are intercepted by construction work and at places where change in slope forces
subsurface water to the surface. Frost dams formed by deep frost penetration
beneath roads force water to emerge upslope to form icings, which fill ditches
and culverts and overflow the road. In some places as much as 20 £t of ice is
built up behind the fences placed between the road and the seepage.

Gibson, Arthur, 1914, Third beach line at Nome, Alaska : Mining and Seci. Press,
v. 108, p. 686-688.

The Third beach at Nome is 3 miles north of the town and is buried beneath
younger sediments; the pay streak lies at depths of 20-124 ft below the present
land surface. Where the pay streak was found intact and the original stratifi-
cation of the beach deposits preserved, the ground was found to be frozen all the
way from the surface to the bedrock, independent of depth. Where the original
pay streak has been washed by water in channels, the ground, with a single ex-
ception, was unfrozen and waterlogged, requiring heavy timbering and large
pumps.

Gladtsin, I. N,, 1938, Geomorphological outline of Transbaikal [Geomorfologi-
cheskii ocherk Zabaikal’ia] : Inst. fiz. geog. Trudy, v. 29, p. 117-195.

Permafrost is evident in the region through relief, hillocks, ground water in
unusual places, and mounds and small mud volcanoes on the banks of lakes.
Mud mounds (puchi) with underground icings as much as 4 m thick and 160 m
wide are observed on the slopes; they eontain ice blocks 3 m thick which melt
into streams flowing through the cracks in the mounds.—From SIPRE U-6552.

Gladtsin, I. N,, and Dzens-Litovskii, A. I, 1936, Frost mounds and hydrolac-
coliths of the Doronin Lake region [Merzlotny “sal’zy” i gidrolakkolity
raiona Doroninskogo sodovogo ozera] : Gos. geog. obshch. Izv., v. 68, no. 4,
p. 449-459.

Doronin Soda Lake iy located 140 km southwest of Chita in a depression be-
tween the Cherskii and IAblonovyi Ranges. Bordering the lake is a terraced
and undulating plain 16-18 km wide. There is evidence that the lake was once
much larger and that the mineralization of the lake water is due to concentration
of the mineral matter of the former large body of water. Smaller soda lakes
northeast of Doronin Lake also are remnants of the former large lake. A group
of oval fresh-water lakes 5-200 m in diameter lie southwest of Doronin Lake;
these lakes, no more than 25-30 m deep, are fed by ground water and are drained
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by streams. Some of the fresh-water lakes resemble sinkholes (suggesting
thermokarst origin) and are bordered by concentric cracks along the shore.

Ground water from above permafrost forms hummocks, marshes, and bogs
because of impermeability of the frozen layer. Some hummocks are pingos;
others are mud volcanoes 0.45-0.75 m high and 1-2 m in diameter formed of
gray hard mud. Openings in the tops of the mud volcanoes are filled with dark
fluid mud with black to coffee-colored water. Bubbles of gas, chiefly methane,
issue from the craters. The gas originates from slow decomposition of organic
matter. A solid bottom of permafrost or lenses of ice lie beneath the cones at
depths of 0.5-1.5 m.

Larger hummocks are as much as 4 m high and 10-20 m in diameter and alter-
nately appear and disappear. In some places slightly alkaline water issued
from cracks in the hummocks, and on occasion a hummock will burst and water
will rise many meters in height, forming a stream which will flow for several
hours, and leaving a lake in the top of the hummock. These hummocks, also
formed in the bottom of Doronin Lake, are probably formed in winter. Some
hummocks may be pierced with a stick, and yellowish-gray mud accompanied by
gas will pour out. Temperatures of the mud in the volcanoes taken in July
1929 were 15°C at the surface, 4°C at a depth of 0.2 m, 1.5°C at a depth of
0.5 m, and 0° at 1 m. The formation of hummocks and other features occurs in
March and April when active layer and permafrost merge. Even larger mounds
(pingos) are 7-8 m high and 40-50 m in diameter. The smaller mounds are
apparently related to processes within the active layer, but the large mounds
are related to ground water within the permafrost. Similar features are re-
ported from the shores of Selengin Lake.—From unpublished condensation and
emendation by I. V. Poiré.

Glazov, N, V., 1986, Certain effects of tectonics and permafrost on ground water
[Gidrogeologicheskie osobennosti tektonicheskikh kontaktov i vechnoi merz-
loty] : Razvedka Nedr, v. 7, no. 21, p. 22-24.

The results of an analysis of the distribution of about 1,000 springs in the
southeastern Transbaikal are discussed. The number of springs was found to
be considerably greater in areas of fissured bedrock and no pemafrost. Perma-
frost in the area occurs in valleys and on north slopes, while about 75 percent
of the springs studied were found in southwest, southeast, and south slopes.—
From SIPRE 10074,

Gokoev, A. G., 1939, Frost mounds and hydrolaccoliths in the Kazakh steppe
[O bugrakh vspuchivaniia i gidrolakkolitakh v kazakhskoi stepi]l: Vses.
geog. obshch. Izv,, v, 71, p. 541-546.

Frost mounds 1 m high and 10 m in diameter at the base contain ice lenses
at a depth of 0.5 m even in July and August. The ice is overlain by a layer
of semiliquid clay. Underground water penetrates into the upper soil layers
through fissures and freezes there in winter to cause the heaving that forms
the hydrolaccoliths. These conditions are similar to those described by N. I
Tolstikhin for Siberian permafrost.—From SIPRE 9010.

Golab, Josef, 1956, Ice-wedges as ground-water conductors [Kliny zmarzlinowe
jako drogi przewodzace wod gruntowych] : Poland, Lodzkie towarzy. nauk.,
Wydzial 3, sec. 3, Biul. Peryglacjaly 3, p. 61-63. [Translation from Polish
by J. Rulikowska, p. 135-187.]

A discussion of the suitability of filled ice-wedge casts for allowing rainwater
to infiltrate through relatively impermeable materials to a permeable horizon
below.
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Goliatin, V. K., 1951, Compilation of the Hydrological Year Books, V. V. Ukhanov,
editor [Sostavlenie gidrologicheskikh ezhegodnikov]: Pod red. V. V. Ukha-
nova, Leningrad, Gidrometeorol. Izd., 223 p.

Textbook for hydrological technical colleges, approved by the Main Adminis-
tration of Hydrometeorological Service. General information and instructions
for securing coordinated data from hydrometeorological posts and stations, and
for analysis and preparation of data for inclusion in hydrological yearbooks
(Gidrologicheskii ezhegodnik—these have not been seen). Yearbooks of 1945
and later published in new enlarged form; data assembled on standard bases
comprise daily information on water levels, ice conditions, air, water, and ground
temperatures, ice thickness and that of its snow cover, variation in water flow
and discharge, amount of suspended and transported sediments daily, monthly,
seasonal and annual average data, physical characteristics of deposits and chem-
ical composition of the water, etc. Nineteen hydrological yearbooks have been
published annually, with data for 9 major regions of USSR, including basins
of White and Barents Sea, west and east Kara Sea (v. 6-7), Laptev, east Siberian
and Chuckhi Seas (v. 8), and basin of Pacific Ocean (v. 9) with the sea of
Okhotsk, Bering Straits, and Kamchatka drainage areas.—From Arctic Bibli-
ography 45166.

Gorbatskii, G. V., 1933, Buried glaciers in the Krestovaia Bay area, Novaia
Zemliia [Iskopaemye ledniki krestovoi guby na Novoi Zemle] : Arktika, v. 1,
p. 41-65.

Relief of the strandflat between Krestovaia Bay and Sul’menevaia Bay is
transformed by melting or underground glacier ice. Immediate results of the
degradation are the gradual lowering of the water table, and a temporary
increase of the ground-water supply fed by melting ice.—From SIPRE U-1659.

1952, Methods for the physiographical study of the Arctic [O putiakh fiziko-
geograficheskogo izucheniia arkticheskoi sushi v sviazi s ee osnovnymi priro-
dnymi osobennostiami]: Uchenye Zapiski Leningradskogo Univ., Ser. geog.
nauk, no. 152 (8), p. 159-182.

The negative annual heat balance and the presence of permafrost are im-
portant factors in physiographical processes in the Arctic. Deep penetration
of moisture into the soil is prevented by permafrost which increases the moisture
near the surface. Runoff exceeds precipitation in the Arctic and in permafrost
zones is two to three times higher than that in neighboring Western Siberia and
Kazakhstan.—From SIPRE 7159.

Gordeev, D. I, 1954, Progress of hydrogeology in the USSR [Osnovnye etapy
istorii otechestvennoi gidrogeologiil: Akad. Nauk SSSR, Lab. gidrogeol.
problem Trudy, v. 7, 382 p.

Historical review of hydrogeological research in Russia from the 17th century,
with emphasis on that during the last 40 years. Recent studies on ground water
are surveyed (p. 219-224) in relation to permafrost regions (zones of fossil ice,
continuous permafrost, permafrost with thawed spaces, and permafrost islands).
Railroad construction in Siberia at the end of the 19th century and extensive
construction in permafrost areas after 1925 resulted in the development of
permafrost study from the engineering viewpoint, and a new science—perma-
frostology. The Commission (from 1930), Committee (from 1936), and Institute
(from 1939) of Permafrostology of the Academy of Sciences of the USSR,
numerous permafrost stations, and six All-Union conferences on permafrost
during the prewar period aided in the development of the new science.—From
SIPRE 13052.
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Gorodkov, B. N., 1924, The west-Siberian expedition of the Russian Academy of
Sciences and the Russian Geographical Society [Zapadno Sibirskaia Eks-
peditsiia Rossiskoi Akademii Nauk i Russkogo Geograficheskogo
Obshchestva] : Priroda, v. 13, no. 7, p. 8-32.

In the permafrost region between Surgut on the Ob’ River and Taz Bay, the
southern boundary of permafrost in areas with abundant ground water is
characterized by hillocky tundra with large peat mounds.—From SIPRE 8678.

1928, The geographical distribution of peat bogs with large mounds
[Krupnobugristye torfianiki i ikh geograficheskoe rasprostranenie] : Priroda,
v. 17, p. 599-601.

The irregular distribution of ground water and snow cover are the principal
causes of mound formation in peat. The main factors in mound growth are the
thickness of the peat layer and the depth of the permafrost table. Mound size
varies directly with active-layer thickness. Large mounds are especially
characteristic of sporadic permafrost.—From SIPRE 8741.

Grainge, J. W., 1958, Water and sewer facilities in permafrost regions : Municipal
Utilities Mag., v. 96, no. 10, p. 29, 62-67.

‘Water in permafrost regions may be obtained from wells, rivers, lakes, ice,
and the ocean. River water can be exploited by standard methods or with
portable pumps where permafrost, unstable soil conditions, or the problem of ice
erosion of river banks exist. Water can be obtained from lakes by extending
intake pipe out into the lake. It can be obtained from just below the ice of the
Arctic Ocean near the mouths of rivers because the fresh river water floats on
the heavier salt water.—From SIPRE 16893.

Grave, N. A, 1946, A new hypothesis by Taber on fossil-ice formation [Novaia
gipoteza Tabera ob obrazovanii iskopaemykh I'dov]: Merzlotovedenie, v. 1,
p. 83-84.

A review of Taber’s (1943b) article on origin of ground ice, in which Taber
is criticized for rejecting Tyrrell’s (1904) hypothesis on the ground-water origin
of naledi in the Klondike.—From SIPRE 15895.

1956, Archaeological age of hydrolaccoliths in the Chukotki Peninsula
[Ob arkheologicheskoi datirovke vozrasta nekotorykh gidrolakkolitov na
Chukotke] : Akad. Nauk SSSR Doklady, v. 108, p. 706-707. [Translated
from Russian by E. R. Hope, Canada, Directorate of Defence, Sci. Inf.
Service, Defence Research Board, June 1956, Translation T218R.]

Hydrolacecoliths are large isolated mounds formed of peat, fine frozen soil, and
pure ice that occur in river valleys and lake depressions. They are seasonal
or persistent and are also called pingos or bulgunniakhs. They are formed dur-
ing the intense deeply penetrating long-continued freezing of the ground that
characterizes the early stages of permafrost formation.

A 15- to 20-m high hydrolaccolith on the plain near Chirovoye Lake, on the
Anadyr Plateau of Chukotke Peninsula, can be dated. Its lower age limit is
equivalent to that of the terrace deposits on which it rests and is Climatic
Optimum. The upper age limit is determined from the age of artifacts found
in soil that fills cracks on its surface; the artifacts were Yakutian upper Neo-
lithie, or more than 2,000 yr old. Therefore, the hydrolaccolith formed during
the cool period that followed the Climatic Optimum.

Still other mounds only 10-12 m high, located downstream near Stalino
had craters containing a pond; around the craters and on slopes are angular
lumps of sod and earth as much as 0.7 m in diameter. These lumps were over-
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grown with turf, and their excellent state of preservation suggests that the small
mounds are younger that the large hydrolaccolith described above.

Grave, N. A,, and Chernukhov, P. G., 1947, Some observations on the permafrost,
geology, and hydrogeology in the Khal’'mer-IU River region [abs.] [Neko-
torye nabliudeniia nad vechnoi merzlotoi, geologiei i gidrogeologiei v raione
r. Khal’mer-IU]: Akad. Nauk SSSR, Referaty nauch-issled. rabot, 1945,
Moskva 1947, Otdel. geol.-geog. nauk, p. 157.

The discovery of coking coal deposits in the extreme northeastern part of
European USSR prompted an investigation of permafrost and hydrogeological
conditions existing in the region, and a parallel study of Quaternary formations.
Data obtained indicated that the permafrost layer was about 118 m thick, and
that the subpermafrost waters were under high pressure. The geological strue-
ture of the area was morainic in character with many lakes formed during the
peak of the postglacial period.—From SIPRE U-1546.

Green, R. N. See¢ Boyle, R. W., 1955.

Greene, G. W., Lachenbruch, A. H., and Brewer, M. C., 1960, Some thermal effects
of a roadway on permafrost: U.S. Geol. Survey Prof. Paper 400-B, p.
B 141-144.

A larger seasonal range of surface temperature and a proportionately greater
range at depth characterize the ground beneath highways as compared to adja-
cent areas. The depth of seasonal thaw increases and the active layer encroaches
on permafrost. The ground beneath the road is more subject to random climatic
variations, and deep thaw is accentuated during abnormally warm seasons. If
the excess water produced by melting the ice in the surface layers of perma-
frost can drain off, the thickened active layer will be drier and more easily
thawed in later years. This will result in settling of the roadway where the
deep thawing occurs. Water will migrate into the thawed trough beneath the
road until it is either trapped or can escape. When trapped in a basin, such
as a swale or large culvert, the water is refrozen, and frost heaving may be
expected.

Greene, G. W. Se¢e also Lachenbruch, A. G., 1960.

Grigor’ev, A. A,, 1946, The Subarctic, an essay on the principal types of its
physico-geographic features [Subarktika, opyt kharakteristiki osnovnykh
tipov fiziko-geograficheskoi sredy]: Moscow-Leningrad, Akad, Nauk SSSR,
Inst. geografii, 172 p.

This general geographic study includes sections on hydrogeomorphic processes
(p. 29465) and formation of pingos and ground ice (p. 111-116).

In the northern Pechora delta a boring 12 m deep failed to locate permafrost
beneath the riverbed. The depth to the permafrost table is greater beneath
river beds and alluvial-sand terraces than in other types of ground bordering
the streams.

Grigor’ev, N. F., 1959, The infiuence of water bodies on the geocryological condi-
tions in the coastal lowland of the Ust’Yansk region of the Yakutian ASSR
[O vliianii vodoemov na geokriologicheskie wusloviia primorskoi nizmen-
nosti Ust’Anskogo raiona IAkutskoi ASSR], in Materialy po obschemu
merzlotovendeniiu: Akad. Nauk SSSR, Inst. Merzlotovedeniia, p. 202-206.

Anomalous geocryological conditions observed near water bodies are dis-
cussed. Water temperature measurements reveal that the greatest heat loss
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occurs when the water freezes. This heat loss increases the mean annual air
temperature near the water, affects the thermal regime of the upper perma-
frost layers, and promotes the formation of taliks under the water. Around
lakes which do not freeze to the bottom, anomalous temperature conditions
occur, the greatest rise in temperature (4°C) being experienced by permafrost
in the immediate vicinity of the water. In certain cases, when the water line
moves toward the center as a lake dries, permafrost forms in the areas vacated
by the water. Taliks under water bodies are confined to the area covered with
water and are limited in depth, depending not so much on size of the water
body as on the geological structure of the bottom and the geocryological condi-
tions of the area.—From SIPRE 17943.

Grigo ’ev, N. F,, 1960, Geocryological conditions under the lake reservoirs in East
Antarctica, in Second Continental Expedition 195658, Glaciological Investi-
gations, The Soviet Antarctic Expeditions: Arctic and Antarctic Inst., v. 10,
p. 318-320. [Russian.]

Grye, George., See Miller, D. J., 1959.
Gurovich, M. A. See Zaitsev, I. K., 1956.
Hanson, R. E. See Crowley, F. A., 1956.

Hardy, R. M., and D’Appolonia, E., 1946, Permanently frozen ground and founda-
tion design : Eng. Jour., v. 29, no. 1, p. 4-12.
At a repeater station near the intersection of the Alaska Highway and the
Alaska-Yukon boundary, permafrost was logged in a well from 2 to 42 ft.

Harrington, G. L., 1918a, The Anvik-Andreafski region, Alaska (including the
Marshall district) : U.S. Geol. Survey Bull. 683, 70 p.

Near Marshall placer ground on upper Wilson and Disappointment Creeks
is 10-12 ft deep. On the lower reaches of Disappointment Creek holes failed
to reach bedrock at a depth of 385 ft and were abandoned because of the flow
of ground water that entered. Mineral springs of water containing calcium,
bicarbonate, and iron and carbon dioxide gas occur 7 miles up the Yukon from
Marshall and half a mile from the Willow Creek landing. The springs flow
a few quarts per minute and appear to issue at the contact between Quaternary
lavas and older greenstone.

1918hb, Gold placers of the Anvik-Andreafski region [Alaska]: U.S. Geol. Survey
Bull. 662-F, p. 333-349. See annotation, Harrington, G. L., 1918a.

1919, The gold and platinum placers of the Kiwalik-Koyuk region [Alaska]:
U.S. Geol. Survey Bull. 692-G, p. 369—400.

Fifty feet above the west bank of Spring Creek, a tributary of Sweepstakes
Creek, Koyuk River drainage, is a hot spring. The spring rises along the con-
tact between diorite and andesite, carries SO, and CO: gas and has a temperature
of 105°F. The spring is believed fed by meteoric waters descending through
joints and fissures on upper slopes of Granite Mountain to a depth where it
acquires heat. The water then ascends to emerge as hot springs.

1921, Mineral resources of the Goodnews Bay region [Alaska]: U.S. Geol.
Survey Bull. 714-E, p. 207-228.
The creekbed placers of Kowkow, Wattamus, and Bear Creeks are generally
unfrozen. Most of the auriferous stream gravel and overburden lies within
reach of circulating water in the streams.
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Harrington, G. L. See also Mertie, J. B., Jr., 1916.

Harwood, T. A, 1955, Geology and physiography of the arctic region of north
continental America and Greenland: Canada, Defence Research Board,
Arctic Rept. 1/55, 31 p.

A discussion of the origin of patterned ground, pingos, and frost mounds is
given. Pingos and frost mounds are formed by freezing of percolating waters
between the frozen active layer and permafrost. Freezing leads to an increase
in hydrostatic pressure between the active layer and permafrost, and the
ground is forced upward at points of local weakness. In permafrost areas
overlain by deep silts, such as the Arctic coastal plain of Alaska and certain
Canadian Arctic islands, supplies of ground water are difficult to obtain. Sub-
surface water has been found in unfrozen layers or talik within the perma-
frost.

Heide, H. E, and Sanford, R. S., 1948, Churn drilling at Cape Mountain tin
placer deposits, Seward Peninsula, Alaska : U.S. Bur. Mines Rept. Inv, 4345,

14, p.
Most of the drill holes beneath or near the streambed on lower Cape, Boulder
and Village Creeks were in unfrozen ground, but elsewhere were in frozen ground.

Hemstock, R. A, 1952, Permafrost problems in oil development in northern
Canada: Canadian Mining and Metall. Bull, v. 45, no. 481, p. 280-283.

Location of reliable supplies of good water is difficult, and such supplies
can be obtained from large lakes and rivers and from wells drilled below
permafrost or into talik.

Hennion, Frank, 1955, Frost and permafrost definitions : Natl. Research Council,
Highway Research Board Bull. 111, p. 107-110.

Henshaw, F. F., 1909a, Mining in the Fairhaven precinct [Seward Peninsula,
Alaska] : U.S. Geol. Survey Bull. 379-F, p. 855-369.

Springs at the head of Inmachuk River furnish a constant flow of about 8 cfs.
Placer mines in the 7-mile reach of Inmachuk River below the mouth of Pinnell
Creek are in a gravel fiat in which depth to bedrock is 15-30 ft. The river-
channel deposits are thawed to bedrock in summer, and there is a large under-
flow of ground water which hinders opencut work. In winter the river is
filled with ice formed by overflow of water from springs. The Fairhaven
ditch leads from Imuruk Lake through the 17-mile upper section across the top
of the lava to the divide between Wade Creek and Pinnell River. At the divide
the water is dropped into a channel leading to a sinkhole in the lava which is
connected by an underground passage to Wade Creek, and is diverted to
Pinnell River by the middle section of the ditch. Glacier Creek, 25 miles south
of Candle, is fed by springs flowing from limestone and schist bedrock; the
springs form an icing as far as 1 mile downstream from the springs during the
winter.

1909b, Water-supply investigations in Seward Peninsula [Alaska], 1908;
U.S. Geol. Survey Bull. 379-F, p. 370401,

Some streams in southern Seward Peninsula are regulated by springs in
limestone which occur on Hobson, Moonlight, and Canyon Creeks, and Solomon
and Grand Central Rivers. Springs in central Seward Peninsula occur in
limestone on Glacier Creek (Kiwalik basin) and on upper Inmachuk River and
in lava on Kugruk, Pinnell, and Goodhope Rivers. When the channel of Kugruk
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River was cut off from Imuruk Lake by construction of the dam for Fairhaven
ditch, most of the river discharge came from springs in the lava above the
canyon in the summer of 1908; the flow at the mouth of the canyon was 31 cfs.

Henshaw, F. F,, 1910a, Mining in Seward Peninsula [Alaska]: U.S. Geol. Survey
Bull. 442-], p. 353-371.

In 1909 experiments were carried out to test artificial freezing as a means of
checking the flow of water from unfrozen ground into underground placer mine
workings. An ice machine was used in a mine on Bourbon Creek to freeze a
barrier of gravel in order to shut off a flow of approximately 0.2 cfs. A steam
point driven into the flooded workings of an adjoining claim caused a rush
of water into the Bessie Mine (Mining and Sci. Press, 1909). Drill holes were
sunk every few inches across the drift in which the water had been encountered,
and small ammonia-filled pipes inserted inside the casings. The refrigeration
system formed a solid wall of ice across the drift and stopped the flow of water.

In the Council area, drilling on Ophir Creek shows that the sfreambed
is generally unfrozen. The bed of Iron Creek near the Iron Creek-Kruzgamepa
River tunne] is wet and unfrozen. Some of the gravel deposits of the Kugruk
River flood plain are frozen.

1910b. Water-supply investigations in Seward Peninsula [Alaska] in
1909: U.S. Geol. Survey Bull. 442-1, p. 372-418.

The presence of frozen ground near the surface prevents water from being
stored in the ground and causes immediate runoff and rapid fluctuations of
river stage. Springs in limestone occur on Glacier Creek, in the Kiwalik
basin, on the upper Inmachuk, and in the lava on Kugruk, Pinnell, and Good-
hope Rivers. The springs produce a steady flow, and the accumulated ice
formed by freezing of winter overflow adds to the water supply during the
early summer.

Herrin, Moreland. See Lovell, C. W, Jr., 1953.

Hess, F. L, 1906a, The gold placers, in Prindle, L. M., and Hess, F. L., The
Rampart gold placer region, Alaska: U.S. Geol. Survey Bull. 280, p. 26-50.
“Surficial deposits are always frozen, and the limit of the frozen ground
has not yet been reached, but there are channels in the frozen gravels through
which water circulates freely at all seasons. Large masses of ground ice
often occur in the mueck, though none are found in the gravels. The depth
of the alluvial deposits sometimes exceeds 100 feet, but it is generally less than
one-fifth of that amount * * * In some cases the presence of water interferes
very Seriously with the drift mining and renders gravels otherwise workable
comparatively valueless.” (p. 27). Live water in the creek alluvium has
hampered placer mining operations on Hoosier Creek, Ruby Creek, Gold Run,
Omega Creek, and Hutlina Creek. “Gophering,” or sinking shafts without
system, has rendered some of the mining ground on Little Minook Creek
practically worthless because the old shafts have filled with water. The water
has frozen from the top and sides, but remains liquid for several years in the
center of the shaft; thawing of the ice in these old shafts during construc-
tion of new workings causes floods.
1906b, The York tin region [Alaska]l: TU.S. Geol. Survey Bull. 284,
p. 145-157.
In the Lost River and Cassiterite Creek area most of the deposits encountered
in tunneling for lode tin and in prospecting for placer tin were frozen. How-
ever, in a few places water has been encountered in tunmels. A water well
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was reported in progress during the 1905 season at Tin City; the prospects
for finding water in this region were described as “not hopeless.” At Eagle,
water was found beneath 50-60 ft of frozen ground, and at Rampart a hole
225 ft deep did not penetrate the frost. In the Nome area some places have no
frozen ground, whereas others have more than 100 ft of frost. Because of
the shorter season and colder climate at Tin City, the frost probably will be
deeper than at Nome.

Hess, F. L. See also Collier, A. J., 1908.

Hill, J. M., 1933, Lode deposits of the Fairbanks district [Alaska]: U.S. Geol.
Survey Bull. 849-B, p. 29-163.

The ground is frozen to great depth. Certain alluvial deposits are reported
frozen to a depth greater than 300 feet below the surface. “Differences in
material, however, and in the position of the material with reference to drainage
bave some extent governed the distribution of frozen ground, and considerable
areas of alluvial deposits are unfrozen.” (See p. 85.) Ground water cir-
culates within deposits of unfrozen gravel.

The Newsboy mine at an altitude of 1,752 ft on the divide between Cleary
and Last Chance Creeks was reopened in 1931; at that time it was necessary
to clear ice which had filled the shaft to a depth of 70 ft; below the 160-ft
level the shaft was under water in 1931. A well at the mill of the Tolovana
Mining Co. at a 1,300-ft elevation on Willow Creek, tributary to Cleary Creek,
provided water for the mill in winter. A crosscut tunnel with its mouth at
the level of the west fork of Wolf Creek, at elevation 1,500 ft is the lower
limit to which mining can be extended without encountering heavy flow of
water. The mill of Eva Quartz Mining Co. on Moose Gulch, tributary to Hster
Creek, has a well that provides water. A section of the upper tunnel near the
entrance of Mohawk Mine on upper St. Patrick Creek was half full of ice
when visited in 1931.

Hogbom, Bertil, 1914, On the geologic work of frost [Uber die geologische
Bedeutung des Frostes] : Geol. Inst. Upsala Bull,, v. 12.

Holmes, G. W., and Benninghoff, W. S., 1957, Terrain study of the army test
area, Fort Greely, Alaska : U.S. Geol. Survey, Mil. Geology Br., for U.S. Army
Corps of Engineers, Waterways Expt. Sta., Vicksburg, Miss., 2v.

Permafrost beneath the airfield and military base lies at considerable depth.
The water table occurs at a depth of 9 £t near the confiuence of the Tanana and
Delta Rivers, 108 ft at Delta Junction, and at a maximum of 215 ft at Fort
Greely. The aquifer is outwash or alluvial gravel. Test pumping at 1,000 gpm
was continued at the base for several days with no measurable depression of the
water table. Tabulated well data show permafrost in water wells at Bert and
Mary’s, mile 277.6 Richardson Highway, from 0 to 40 ft; at Fort Greely at well
4, Bldg. 117, from 24 to 88 ft, and from 96 to 108 ft; at well 6, Bldg. 300, from
40 to 118 ft; and at well 8, Bldg. 625, frozen to 217 ft. In each of these wells,
water was found beneath the permafrost. In the other wells, as deep as 120 ft
along the Richardson Highway and 270 £t on the post, no permafrost was logged.

Hooper, C. L., 1881, Report of the Cruise of the U.S. Revenue Steamer Corwin in
the Arctic Ocean in 1880: U.S. Treasury Dept.

1884, Cruise of the Revenue Steamer Oorwin in the Arctic Ocean in 1881:
‘Washington, U.S. Treasury Dept. Doc. 601, p. 79-82.

735-894—65——7
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Hopewell, H. T., 1945, Asphaltic concrete operations at Big Delta: Pacific
Builder and Engineer, v. 51, no. 8, p. 44-45.

During construction of the airstrips at Big Delta, little permanent ground frost
was found. Well drilling showed a ground-water level of about 200 ft below the
surface. Freezing of water and sewer lines was prevented by construction of
3 x 4-ft utility ducts through which lines were routed underground.

Hopkins, D. M., 1949, Thaw lakes and thaw sinks in the Imuruk Lake area,
Seward Peninsula, Alaska: Jour. Geology, v. 57, no. 2, p. 119-131.

Drill-hole data and comparisons with areas having a similar climate indicate
that permafrost ranges from 50 to 300 £t in depth. Thawed zones within the
deeper part of the permafrost are suggested by occurrence of subsurface drain-
age; these thawed zones suggest that the deepest part of the permafrost is un-
stable and is gradually thawing in present climate, and that the present climate
is capable of producing only a much smaller thickness of frozen ground than
now exists. ‘“Subterranean drainage is possible only if ice is absent from the
open spaces which act as drainage channels. Small streams entering the ground
during the summer probably are capable of maintaining open channels in rocks
in which the temperature remains below freezing throughout the season; with
falling discharge in the fall, however, channels in subfreezing zones can be ex-
pected to be clogged with ice; when flow ceases, the channel should be completely
filled.” (See p.130-131.) Thaw sinks may be used as indicators of the presence
of thawed zones in which some ground water may occur.

Hopkins, D. M., Karlstrom, T. N. V., and others, 1955, Permafrost and ground
water in Alaska: U.S. Geol. Survey Prof. Paper 264-F, p. 113-146.

Distribution of ground water in Alaska affects and is affected by permafrost
distribution. Regional climatic differences result in a transition from thick
continuous permafrost in the north to permafrost-free terrain in the south. ILocal
differences in topography, lithology, and drainage cause sharp local differences
in the character and distribution of permafrost that tend to obscure the regional
zonation. Frozen ground formed during past cold periods persists to the present
in many areas, so that the distribution pattern is not exclusively the product of
present-day climates. The ancient frozen ground is locally thawing today, and
recently frozen ground thaws where the thermal regime is disturbed; thus, both
old and modern permafrost are interrupted by horizontal and vertical thawed
zones through which water may circulate. Conditions favoring active circula-
tion of water promote thawing of permafrost and retard formation of new perma-
frost. Thus, potential aquifers are similar in charatcer, but more restricted in
size and abundance in permafrost areas than in areas of no permafrost.

On the Arctic Slope (described by R. F. Black) in the continuous permafrost
zone, permafrost is 600-1,300 ft thick and generally at least 1,000 ft deep
in wells near Barrow. Permafrost is deep or possibly absent under large
rivers, such as the Colville and beneath large lakes. Ground water is available
only beneath large streams and lakes and from springs. Low-ground tempera-
tures indicate little chance of finding ground water within permafrost. The
Shublik Springs emerge at a rate of about 1,000 gpm from the contact between
the Lisburne limestone and the overlying Sadlerochit sandstone. Water tem-
perature is 43-48°F, and the springs fiow all winter. Sadlerochit Springs
are about the same size, but may be warmer. Other much smaller springs
are reported on the Sagavanirktok, Shaviovik, and Okpilak Rivers. The flood-
plain icings on the trunk streams suggest that water continues to flow after
fall freezeup; the water may originate in the channel, within the streambed,
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in terrace gravel, in gravel fill associated with lakes, or from springs in bed-
rock. Areas upstream from these icings are favorable sites for prospecting for
ground water. The Lisburne limestone and Sadlerochit sandstone are the
most likely reservoirs of ground water beneath permafrost. Beneath the
coastal plain, however, the subpermafrost water probably has a salinity of
several thousand parts per million.

On the northern Seward Peninsula (described by D. M. Hopkins) in the
continuous permafrost zone, subsurface materials are frozen nearly everywhere
except beneath and near lakes, perennial streams, some ocean beaches and
hot springs. Permafrost averages 200 ft in thickness and ranges from 15 to
more than 260 ft. Unfrozen zones in lava flows of Quaternary age are indi-
cated by springs and closed depressions having interior drainage. Unfrozen
zones are more common in mountains because of the insulating effect of past
glaciations, steepened thermal gradients due to orogenic heating of rocks at
depth, steep slopes, coarse-grained soils and sediments, and more abundant
supply of surface water from precipitation and melting snow. Unfrozen zones
near and beneath channels of large streams provide the most dependable source
of ground water. Flood-plain icings are closely associated with perennial
springs or form in reaches where shallow bedrock forces ground water to the
surface. Limited supplies may be found in unfrozen zones in terrace and flood-
plain gravel in uplands and mountains. Unfrozen zones in alluvial-fan depos-
its provide large summer water supplies, but small supplies in winter. Small
supplies are available from thawed zones beneath lakes. Locally, large springs
occur along the young fault zone and may be highly mineralized. Unfrozen
crevices, lava tubes, and interstratified flow breccias in basalt and fracture
zones and solution cavities in marble are promising sources of ground water
in upland and mountain areas.

In the southern Seward Peninsula (described by D. M. Hopkins) in the dis-
continuous zone, permafrost is a few feet to more than 350 ft thick, but in
most places is 100-200 ft thick. Thawed zones are localized by conditions
that favor ground-water circulation. Upland and mountain ridges, unlike north-
ern Seward Peninsula, are generally unfrozen, and the thawed zones beneath
streams are more extensive. Alluvial fans, ancient beaches, spits, bay bars,
yYoung raised-beach deposits, and older gravel deposits near the coast are gen-
erally unfrozen, or contain unfrozen zones. Ground water is more widely
available in the southern Seward Peninsula than in the northern part because
of less extensive permafrost and greater precipitation to the south.

In the Yukon Flats (described by J. R. Williams) the best sources of ground
water are the unfrozen gravel beneath beds and slip-off slopes of major streams,
beneath some large lakes, and in local unfrozen zones in gravel of the large
alluvial fans. Permafrost was encountered by drilling near Fort Yukon near
the surface and extended deeper than 89 ft in sand and gravel; it occurs to a
depth of 40 ft in an island on the Yukon near Eagle.

The middle Tanana Valley (described by T. L. Péwé) near Fairbanks lies
in the discontinuous zone of permafrost. Ground water in the Tanana flood-
plain circulates freely below permafrost, though unfrozen channels within and
above permafrost, and above permafrost wherever the top of frozen ground
lies below the water table. Domestic wells 15-30 ft deep draw water from
above or within permafrost and yield as much as 40 gpm; other wells 100-
250 £t deep draw water from below permafrost and yield as much as 3,000 gpm
with a drawdown of 10-15 ft. On the alluvial plain separating the flood plain
from the hills and in valleys of the Yukon-Tanana Upland, wells on lower slopes
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must penetrate 100-200 ft of permafrost to obtain water. Some of these wells
encountered artesian water in aquifers beneath permafrost; one well flowed at
the rate of more than 40 gpm. Quality of ground water in the flood plain and
in the upland is commonly poor because of high organic and iron content
obtained as it percolates through organic deposits. South of the Tanana River
the gravel outwash plains are sources of water of good quality. Springs occur
at the north end of the outwash plain, and depth to water increases upslope at
a rate of 15 ft per mile to a depth of 200 £t halfway to the end moraine.

Ground-water conditions in the discontinuous zone of permafrost in the Upper
Kuskokwim Valley (described by A, T. Fernald) are known only at McGrath,
where shallow household wells obtain water from sand and gravel in the flood-
plain alluvium and from beneath permafrost in older alluvium at depths of 40-50
ft, and at Farewell where the water table is 338 ft beneath the land surface. A
deep well at McGrath encountered bedrock at 262 ft. Water level in the wells ter-
minating in unfrozen sediments fluctuates with changes in level of the Kusko-
kwim River. Ground water is also available beneath flood plains of braided
streams, in alluvial-fan deposits, and in outwash deposits on piedmont slopes.

In the Bristol Bay region (described by E. H. Muller) in the sporadic zone
of permafrost, frozen ground is limited to silt, glacial till, and fine sand, and
occurs most commonly in swampy lowlands. Layers of frozen fine-grained
sediments thicker than 10 £t are encountered at depths as great as 175 £t in some
wells, interbedded with unfrozen sand and gravel. Ground water throughout
the lowlands is available at 100-600 ft, and domestic supplies are available in
most places at depths of 5-50 ft. Water in the lowlands is generally under
hydrostatic presssure. At Koggiung, 20 miles north of Naknek, an artesian
flow of water with 5,800 ppm dissolved solids was encountered at a depth of 600
ft; water at less than 300 ft had a lower mineral content and was potable,

In the Kenai Peninsula (described by T. N. V. Karlstrom) isolated occurrences
of relic permafrost are restricted to black spruce islands in bog flats in the
northern Kenai lowland.

A map showing the boundaries between the zones of permafrost is super-
imposed on a map of forest cover in figure 11.

Hopkins, D. M., and Sigafoos, R. S., 1951, Frost action and vegetation patterns
on Seward Peninsula, Alaska: U.S. Geol. Survey Bull. 974-C, p. 51-101.

In the northern part of Seward Peninsula perennially frozen ground is 50
to at least 300 ft deep, except near lakes, large streams, and warm springs where
it is absent. Intensive frost action in areas of perennially frozen ground pro-
duces microrelief features in soil, such as cottongrass tussocks, frost scars, peat
rings, tussock rings, and tussock-birch-heath polygons.

Surface runoff is impeded by vegetation, and downward circulation of surface
water is prevented by the impermeable soils and the presence of perennially
frozen ground at shallow depths. High moisture content of soils is maintained,
also, by a low rate of evaporation and the melting of seasonally frozen ground.
Moisture content of the soils varies inversely with depth of seasonal thaw and
degree of slope, In some places ground water circulates more readily in peat
than in the less permeable silty material that lies above the frost table.

Hopkins, D. M. See also Péwé, 1958 ; Sigafoos, R. §., 1952.

Howell, J. V. chm., 1957, Glossary of geology and related sciences: Am. Geol.
Inst., NAS-NRC Pub, 501, 825 p.

Hudson, H. B,, Jr, ed. See Abu-Lughod, J., 1957.
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Hutchins, J. P., 1908, Prospecting and mining gold placers in Alaska: U.S. Geol.
Survey Bull. 345-A, p. 54-77.

Permanently frozen ground benefits drift mining by eliminating the need for
timbering the workings and pumping seepage water. Frozen ground is generally
found in the beds of small streams and may be present in irregular patches in
the beds of large streams, It is common in river flats adjacent to the riverbeds
of streams carrying several hundred cubic feet per second of water. On Seward
Peninsula the growth of willows is generally, but not always, an indication of
unfrozen ground.

Depth to ground water and distribution and character of perennially frozen
ground are of great importance in placer mining, particularly in evaluating the
suitability of the ground for dredging.

Hyland, W. L., and Mellish, M. H., 1949, Steam heated conduits—utilidors—
protect service pipes from freezing: Civil Eng., v. 19, no. 1, p. 27-29, 73.

Churchill, Manitoba, Canada, obtains its water by way of pipeline from a
lake; the subsoil is not suitable for wells. At Fairbanks, Alaska, individual
domestic wells are as deep as 200 £t; the sandy and gravelly soil is perennially
frozen, but is water-bearing below and between layers of permafrost.

Hyland, W. L., and Reece, G. M., 1951a, Water supplies for army bases in Alaska:
New England Water Works Assoc. Jour., v. 65, no. 1, p. 1-16.

Near Fairbanks, shallow lakes and streams, deep freezing in winter, flat
terrain, and high suspended load of some streams make development of surface-
water supplies impracticable. Adequate supplies of ground water are found
below permafrost at depths of 60-180 ft. The water is about 35°F and does
not meet the U.S. Public Health Service standards for iron and manganese
content. The high iron and manganese content seems characteristic of perma-
frost regions. Because of the high cost of shipment of dry chemicals, and
because base regulations required 0.4 ppm chlorine in the treated water, the
chlorine method was found most practicable for removing the iron and manga-
nese and at the same time adding chlorine to the water. Chlorine is applied to
the water and is followed by settling and sand filtration.

1951b, Arctic conditions complicate supply problems in Alaska: Water Works
Eng., v. 104, p. 378, 414-415. See annotation, Hyland, W. L., and Reece,
G. M., 1951a.

TAkupov, V. S., 1959, Determination of the thickness of Recent unconsolidated
deposits by the vertical electrical sounding method in regions of low-tem-
perature permafrost [Opredelenie moshchnosti sovremennykh rykhlykh
otlozhenii metodom vertikal’nogo electricheskogo zondirovaniia v raionakh s
mizkoi temperaturnoi mnogoletnemerzlykh porod] : Akad. Nauk SSSR, Inst.
Merzlotvedeniia im. V. A. Obrucheva Trudy, v. 15, p. 144-183.

The theory of the method is based on the principle that frozen unconsolidated
deposits have a much higher apparent resistance than the original rock. A
representative geoelectrical profile through permafrost is described and analyzed
mathematically. Examples are given for frozen unconsolidated deposits which
are not more than 10 m thick and are lithologically homogeneous along the
vertical, for deposits consisting of four strata, and for talik. The infiuence of
sloping and vertical boundary layers and the applicability of the sounding
methods to other problems in permafrostology is discussed.—From SIPRE 18239.

Ignatenko, K, Z. See Stotsenko, A. V., 1957.



98 GROUND WATER IN PERMAFROST REGIONS

ITina, E. V., 1959, Hydrogeology of the Yakutian artesian basin [Gidrogeologiia
IAkutskogo artezianskogo basseina]: Leningrad, Vses. neft. nauchn.-issled.
geol. Inst., Materialy geologii i neftenosnosti IAkutskoi ASSR, p. 183-233.

Outlines the extent, permafrost conditions, chemical properties of ground
waters and gases of the Yukutian artesian basin. Ground waters in the Quarter-
nary, Cretaceous, Jurassic, Silurian, Ordovician, and Cambrian rocks are de-
scribed, and their chemical characteristics tabulated. Gases are analyzed.

Borings in Yakutia are listed, and regionalization of the ground waters is out-

lined.—From Arctic Bibliography 58824,

Ilisley, C. T. See Boyle, R. W., 1955.
Iseri, K. T. See Langbein, W, B., 1960.

IUganson, V. E., 1951, On the hydrogeologic regions of the USSR [O gidrogeolo-
gocheskom raionirovanni SSSR]: Voprosy geografii Sbornik 26, p. 73-79.

IUrev, B. N, 1935, Permafrost [Vechnaia merzlotal, in IUrev, B. N., Ust’e reki
Pechory: Sevgosmoraraokhodstvo, Archangel, p. 118-119.

1938, Fresh ground-water resources in sand layers along the shore of the
Barents Sea (O zapasakh presnykh gruntovykh vod v peschanykh fatsiiakh
neritovykh formatisii Barentsova moria) : Problemy Arkitki, 1938, no. 3,
p. 29-41.

Fresh water is obtained in shallow wells near Indiga Bay and on the Kanin
Peninsula, and in the form of icings near the Pechora estuary.—From Arctic
Bibliography 7855.

Ivanov, K. E., 1958, Variations of the level of ground water in swamps during
winter [Kolebaniia urovnei gruntovykh vod na bolotnykh massivakh v zimnii
period], in Ivanov, K. E,, Gidrologiia bolot: Leningrad, Gidrometeorologi-
cheskoe Izd., p. 171-177.

The relation between ground water levels and frost penetration is discussed,
and representative data are graphed. Variations in the water table in winter
are caused primarily by filtration runoff and depend on frost penetration and
thawing. When the water table drops more rapidly than frost penetrates, frost
penetration has little effect on water-level variations. If frost penetration is
more rapid than the drop of the water table, the freezing and water levels
meet ; excessive hydrostatic pressure develops under the frozen layer, and water
filters under pressure. Pressure filtration continues until the water-table drop
rate exceeds the speed of frost-penetration (which tapers off with depth), and
the water table is again below the freezing level. The freezing and ground-
water regimes are determined by air temperatures, snow-cover depths, swamp
microrelief, the initial position of the water table, and thawing periods in win-
ter.—From SIPRE 17244,

Ives, J. D., 1960, Permafrost in central Labrador-Ungava : Jour. Glaciology, v. 3,
no. 28, p. 789-790.

Studies by McGill University and Iron Ore Co. of Canada show extensive
permafrost south of 55th parallel; its thickness locally exceeds 80 m. Much of
the permafrost in the hills above 680 m elevation is not relic, but compatible with
the climatic regime of the last few decades. Only thin and patchy permafrost
(including some relic masses) separated from seasonally frozen ground by a
talik occurs below 680 ft beneath the forest cover, where snow cover is thick.
The relic permafrost probably formed after retreat of the glaciers (about 4000
B.C.) and before establishment of the present forest.
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Jaillite, W. M., 1947, Permafrost research area: Mil. Engineer, v. 39, p. 375-379.

St. Paul District, Corps of Engineers, U.8. Army drilled two 165-ft dry holes
through permafrost at the permafrost research station at Steese Highway and
Farmer’s Loop Road north of Fairbanks, Alaska. A third well, only 108 ft
deep, encountered water under such great hydrostatic pressure that the water
rose 3 ft above the land surface and stones as much as 2 in. in diameter were
brought to the surface. The drill hole was not cased beyond 6 ft because of the
resistance of the frozen ground to casing. When the water began to rise, how-
ever, 110 ft of 4-in. well casing was quickly dropped into the hole. But the water
began rising along the outside of the casing because of its loose fit in the hole,
caused partly by thaw of permafrost during drilling. The fiow inside the pipe
decreased, while that outside continued to increase until the depth of thaw ex-
tended the length of the hole. First a cubic yard of gravel was dumped into the
hole, and then 40 sacks of cement grout was pumped down through the casing
so it would rise on the outside of the pipe. This stopped the flow on the outside
for only a few hours.

Next, a 40,000-gphr capacity pump was connected to the casing, and by con-
tinuous pumping the flow on the outside of the casing was stopped. Then, 2 yd
of high-early-strength concrete was placed outside the casing and allowed to
set. Pumping was relaxed and leakage appeared on the outside of the concrete
plug. After pumping was resumed, a short 4-ft section of 6-in. pipe was placed
through the concrete beside the casing, and 4 cu yd of concrete was placed around
the pipe to form a slab 10 ft square. The pump was stopped and water flowed
through the 6-in. pipe with only minor leaks around the edge of the slab. These
leaks were patched with driller’s mud and cement. By this time the entire flow
was moving through the 6-in. pipe, and only by pumping or bailing could water
be obtained from the 4-in. casing. Other attempts to grout the hole around the
casing were unsuccessful and only sealed off the bottom of the casing. To re-
open the casing, it was dynamited at a depth of 90 ft. Soundings were made
and it was learned that a large cavity had been melted and washed out. Gravel
was then poured through the short 6-in. pipe until it filled the cavity to a point
just above the new opening in the 4-in. casing at 90 ft. The rest of the eavity
from 90 ft to the surface was filled with concrete through the short 6-in. pipe,
and the leakage was stopped. Six cubiec yards was required for this. Flow
continued from the 4-in. casing but at a much decreased rate.

Jenness, J. L., 1949, Permafrost in Canada: Arctie, v. 2, no. 1, p. 13-27.

The bed of the Mackenzie River near Norman Wells is unfrozen. Wells 100
ft, 200 ft, and 350 £t from the water encountered permafrost thicknesses of 60 ft,
135 ft, and 267 ft, respectively. The beds of Great Bear, Great Slave, and other
lakes are unfrozen.

Two theories may account for the presence of an unfrozen zone separating
the permafrost from the active layer: (1) that the permafrost below the un-
frozen zone is a relic of past harsher climate and that the present climate is not
severe enough to form permafrost, and (2) that the unfrozen zone may be a re-
cent aquifer developed on or near the top of permafrost; freezing of the active
layer may compress the aquifer, giving rise to hydrostatic pressure that prevents
its water from freezing even when its temperature falls below 0°C. The second
theory is unlikely because it is hard to imagine that ground water could force
its way through already-frozen soil to form such unfrozen zones. However, some
unfrozen zones may result from the failure of permafrost to form in aquifers
having a high mineral content. A map shows the distribution of permafrost in
Canada.
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Jenness, J. L., 1952, Erosive forces in the physiography of western Arctic Canada :
Geog. Rev,, v. 42, no. 2, p. 238-252.

Permafrost provides the impervious base that prevents surface water from
seeping into the ground deeper than a few feet, and its presence below the active
layer induces a much greater subsurface flow within the active layer than would
otherwise take place. Lakes and ponds are fed not only by surface runoff but
by large quantities of ground water moving downslope through the active layer.
Such a concentration of water near the surface creates a shear or slip plane
above permafrost on which the materials in the active layer can move downslope.

Jess, Arthur, 1952, Some aspects of ground-ice control on Alaskan Highways:
Alagka Sci. Conf., 3d, Mount McKinley Park 1952, Proc., p. 25--26.

The term “ground-icing” is applied to “surface ice formed during the winter
by successive freezing of sheets of water that may seep from the ground, from
the river, or from a spring.” Pressure of ground water in the active layer, low
air temperature, thin snow cover in early winter, proximity of permafrost to
the ground surface, and thick snow cover during late winter favor development
of icings.

Joesting, H. R., 1941, Magnetometer and direct-current resistivity studies in
Alaska: Am. Inst. Mining Metall. Engineers Tech. Pub. 1284, 20 p.

Thick unconsolidated overburden in interior Alaska raises problems in (1)
location of buried placers, (2) determination of depth and areal distribution of
permanently frozen and thawed unconsolidated deposits, and (3) location of
water-bearing beds under unconsolidated deposits. These problems can be at-
tacked by magnetic and direct-current registivity methods which are not only
simple, rapid, and inexpensive, but well suited to the study of the problems.
A vertical Schmidt-type magnetometer was used; the direct-current resistivity
instrument was similar to those in use by the Geophysics Branch, U.S. Geological
Survey.

Determination of depth and areal distribution of permanently frozen and
thawed overburden was attempted with the direct-current resistivity method.
Some 400 measurements were obtained where conditions were known, and in
general the variations in moisture content caused a wide variety in resistivity;
below the upper 5 ft moisture variations were less pronounced and the resistivity
more uniform. Thawed, moist gravel has higher resistivity than thawed silt.
Water-bearing gravel has higher resistivity than moist gravel, probably because
there is a lower concentration of salts in materials with unrestricted circula-
tion of water, and because the moist gravel appears to have a higher silt content
than water-bearing gravel. The resistivities of frozen unconsolidated deposits
are higher than the same materialg in the thawed state, and traverses using the
direct-current method can distinguish the areal distribution of permanently
frozen ground, whereas depth profiles can show its approximate depth.

Investigations of ground water are practicable near Fairbanks, where within
the thick silt and gravel deposits the gravel is more likely to be thawed (and
water-bearing) than the silt. The resistivity traverse offers a rapid means of
locating thawed areas within areas of frozen ground like that near Fairbanks,
and the depth profile can be used for locating water under frozen deposits by
determining the depth at which thawed ground is encountered. Locating ground
water within entirely thawed ground by the direct-current resistivity method is
more difficult because of the smaller difference in resistivity caused by differ-
ences in moigture content, compared to the difference between thawed and frozen
ground.
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1954, Geophysical exploration in Alaska: Arctic, v. 7, nos. 3 and 4, p. 165-175.

Early geophysical exploratory work on permafrost problems was conducted
in the Fairbanks gold placer mining district by U.S. Smelting, Refining & Mining
Co. TFlectrical resistivity and potential-drop-ratio methods used in 1933 to deter-
mine areas of permafrost and thickness of unconsolidated material over bedrock
were not successful because of the complex stratigraphy and permafrost rela-
tions of the partly frozen overburden. In 1938 the company engaged L. D. Leet
and H. G. Taylor to make experimental seismic refraction surveys; results
showed that the schist bedrock could not be mapped because seismic velocities
in the frozen gravel were almost at high as in bedrock, and bedrock underlying
frozen muck could not be mapped because of variations in velocities in the rock
and in the muck.

Later studies by United Geophysical Co. in Arctie, Alaska, showed that veloci-
ties in continuous permafrost range between 8,000 fps in frozen alluvium to
13,500 fps in frozen Tertiary sediments, and that vertical velocities are slowest.
Barnes in studies at Fairbanks showed horizontal velocities in frozen alluvium
to be comparatively high (7,000-13,000 fps) and that a high seismic velocity is
almost a sure sign of frozen ground and can be misinterpreted as bedrock.
Frozen alluvium was found markedly anisotropic to propagation of seismic
waves. Resistivity studies by Matthews and Joesting showed that resistivity of
frozen rocks is higher than that of comparable thawed material; the methods
were generally not satisfactory in determining depth to bedrock in discontinuous
permafrost, but the contrast in resistivity between frozen and unfrozen uncon-
solidated deposits could facilitate the search for ground water. Swartz and
Shepard, working in 1944 in Northway, Fairbanks, and Galena, found that the
top of permafrost could be determined by both seismic and resistivity methods
and that areas of frozen and thawed ground also could be distinguished; how-
ever, the bottom of permafrost could be determined by resistivity and not by
seismic refraction. Ice lenses could be indicated by the resistivity method.
Further resistivity studies by Swartz at Fairbanks in 1948 substantiated earlier
conclusions. MacCarthy and others in 1952 made a study of electrical and
seismic methods in the search for ground water in permafrost regions.

In 1953, U.S. Air Force Cambridge Research Center studied the thickness of
continuous permafrost along Farmers Loop Road near Fairbanks by measuring
the frequency dispersion of flexural waves propagated through the permafrost.

Geothermal studies in permafrost in northern Alaska were begun in 1949 by
the Geological Survey; they have been made also by Boston University near
Umiat and in the Fairbanks area by the Corps of Engineers and U.S. Geological
Survey.

Johnston, G. H. See Pihlainen, J. A., 1956,
Johnston, P. M. See Cederstrom, D. J., 1953.

Johnston, W. A., 1930, Frozen ground in the glaciated parts of northern Canada:
Royal Soc. Canada Trans., ser. 3, v. 24, pt. 1, sec. 4, p. 31-40.

A summary of observations of permafrost that are scattered through the
literature. A shaft on Eldorado Creek, Klondike distriet, was stopped by running
water beneath permafrost at a depth of over 200 ft. Creek gravel along Burwash
Creek, Kluane district, is frozen only in winter, and at most places it is unfrozen
all year below a depth of 10 ft. In the upper White River valley near the Alaska
border, water was encountered beneath 90 ft of permafrost. Wells along the
Mackenzie River are described, including one at Fort Simpson that passed
through frozen ground between 5 and 40 ft. Borings at Churchill, Manitoba, are
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described; the deepest was 230 ft deep and was located 1,000 ft southeast of
Lake Rosabelle ; pockets of water occurred at 32.5 £t and from 95.8 £t to bedrock,
but ice occurred in cracks in the bedrock. Two borings were made in the bed
of Lake Rosabelle; in both holes frozen ground was encountered beneath the
lake at depths of 42 and 111 £t.

Judd, W. R. See Krynine, D. P.

Kachadoorian, Reuben, and others, 1959, Geology of the Ogotoruk Creek area,
northwestern Alaska: U.S. Geol. Survey open-file report, 43 p. (TEM-976).

Permafrost table is believed to be 10 ft deep in bedrock areas and 15-25 ft
deep in modern beach deposits. Permafrost is absent beneath the Chukchi Sea
beyond 200 ft from shore; near shore it is of unknown thickness and extent.
Thickness of permafrost on shore is estimated at 500 to 800 ft, and locally perma-
frost may include pockets of unfrozen brine with temperatures below 32°F.

Kachurin, S. P, 1938a, Permafrost and geomorphological observations at the
mouth of the Aanadyr River in 1935 [Merzlotnye i geomorfologicheskie
nabliudeniia v ust'e reki Anadyr v 1935 g.]: Akad. Nauk SSSR, Kom.
vechnoi merzloty Trudy, v. 6, p. 3-61.

Continuous permafrost over 100 m thick beneath an active layer 50 to 60 cm
thick was found in the area. Temperature of permafrost was —4° to —5°C at
5 to 6 m. Thermokarst features and hummocks formed by water under hydro-
static pressure are common.—From SIPRE U-1785; condensation and emenda-
tion by I. V. Poiré, 1949.

1938b, Frozen ground recede: Akad. Nauk SSSR Comptes rendus (Doklady),

new ser., ¢. 19, no. 8, p. 595-5699. [English.]

Borings were made at Old Turukhansk on the Yenisel to reexamine the site
of Middendorf’s 1843 soil-temperature measurements. In two holes drilled
through alluvial clay and sand, ground water appeared at depths of 7T m and
16 m. Soil temperatures were 0.3°-0.4°C higher than 1843, and in one hole
frozen ground, reported in 1843, was not present in 1937. Air rushed into one
bore hole, making a sound audible at a distance of 25-30 m ; melting of ground
ice is believed to have left a partial vaccum (due to volume change on melting)
that was preserved by underlying permafrost and overlying impermeable clay.

1946, Origin of the most common types of ground ice in the northern regions
[O genezise nailolee rasprostranennykh iskopaemykh 'dov several: Akad.
Nauk SSSR, Inst. Merzlotovedeniia im V. A. Obrucheva, 38 p.

Types of ice in permafrost include small grains and layers, small to large ice
lenses and layers, and vein ice, naled’ ice, and lake ice. Although, in a few in-
stances, ground ice may be a buried remnant formed in a remote geologic epoch,
most of it was formed in place in recent geologic time. Conditions favoring for-
mation of ground ice are (1) a gently sloping or horizontal plain, (2) a cover of
peat moss, (3) a thin active layer, and (4) a supersaturated active layer. Under
these conditions a wedge of slud (mixture of mud and water) may become
lodged between the active layer and permafrost. In the fall during freezing
there is rearrangement of soil particles due to migration of water, formation
of cracks, and swelling of the ground; thus the active layer is increased in
thickness, and the period required for complete freezing of the active layer
down to permafrost is longer than before. A lens of supersaturated ground
is formed as freezing of the active layer approaches permafrost, and a lens or
layer of ice is formed at the base of the highly supersaturated lens between the
active layer and permafrost.
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Duration of the freezing period is important, for the longer the period, the
more ice is formed. After the active layer reaches permafrost, the thickness
of the active layer becomes greater because of the 9 percent expansion of water
in forming the ice lens, and the following year this increase in thickness will
result in an incomplete thawing of the former active layer. Under favorable
conditions repetition of this process from year to year may build up a thick
continuous ice layer between the active layer and the former top of the
permafrost—From unpublished condensation and emendation by I. V. Poiré,
1949.

Kachurin, S. P. See also Efimov, A. 1., 1947; Sumgin, M. 1., and others, 1940.

Kalabin, A. 1., 1958a, Permafrost and ground waters of the Arkagalinskiy district
[Vechnaia merzlota i podzemnye vody Arkagalinskogo raiona]: Magadan,
Vses. nauchn.-issled. inst. zolota i redkikh metallov Trudy, v. 7, Merzloto-
vedenie, no, 1, p. 1-16.

Tabulation of data and diagrams on the permafrost regime and hydrogeo-
logic conditions of the coal-bearing region 750 km northwest of Magadan. The
average yearly temperature is —13°C, and the ground is continuously frozen.
Exploratory borings for coal were used for study of permafrost. The thickness
of permafrost, its upper and lower limits, temperature regime within frozen
rocks, its variation according to month and depth, and other data are reported.
Ground water above and below the permafrost is described—From Arctic
Bibliography 59015.

1958b, Permafrost and hydrogeology of northeastern USSR [Vechnaia
merzlota i gidrogeologiia Severo-Vostoka SSSR]: Magadan Vses, nauchu.-
issled. inst. zolota i redkikh metallov Trudy, v. 7, Merzlotovedenie, no. 7, p.
1-52.

A summary of a doctoral dissertation describing field work and previeusly-
collected data in the area east of the Lena River, including the Yana-Chukotka
mountain region, Koryak-Kamchatka mountain region, East Siberian lowland
Kolyma and Anadyr-Penzhinskaya depressions. The origin, development, thick-
ness, and temperature regime of the permafrost, and characteristics of the
active layer are outlined. Ground-water occurrence above and below perma-
frost, water balance, seasonal runoff, and mineral springs are described. In-
cludes a plan of the hydrogeologic regions and a permafrost-hydrogeologic map
at 1:5,000,000.—From Arctic Bibliography 59014.

1958¢c, Ground waters of northeastern USSR [Podzemnye vody Severo-Vostoka
SSSR1, in Magadanskaia oblastnaia tipografiia upravleniia kul’tury: Maga-
dan, Vses. nauchn.-issled. inst. zolota i redkikh metallov Trudy, Merzlotove-
denie, no. 9, 86 p.

According to geostructural, geomporphic, and geologic-lithologic conditions
the ground water is distinguished as to location above, within, or below perma-
frost. Occurrence, source, circulation, passageways, and other features of under-
ground waters are discussed.—From Arctic Bibliography 59013.

1958d, Springs and icing mounds of ground water in northeastern USSR
[Istochniki i naledi podzemnykh vod na Severo-Vostoke SSSR]: Magadan,
Vses. nauchn.-issled. inst. zolota i redkikh metallov, Trudy v. 7, Merzlo-
tovedenie, no. 7, p. 10-32.

Various types of springs developed from ground water above and within
the permafrost layer are described, and their discharge, composition, and tem-
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perature are noted. Icing mounds are classified according to their source of
supply, their form, structure, and size. Examples from the Yana, Indigirka,
Kolyma, and Iul’tina (Chukotka) basins are given. Methods are suggested for
prevention of icing mounds.—From Arctic Bibliography 59011.

Kalatin, N. N., 1930, The role of actinometry in the solution of permafrost prob-
lems: Akad. Nauk SSSR, Materialy Kom. izuch. estestvennykh proizvod
itel'nykh sil SSSR, no. 80, Sbornik “Vechnaia Merzlota,” p. 201-231.
[Russian.]

Kalesnik, S. V., 1937, The Pamirs (Pamir) : Vestnik Znaniia, v. 35, no. 6, p. 40-45,

A layer of permafrost 3.5 m thick is reported at the bottom of Lake Kara Kul.—
From SIPRE 15354.

Kaliaev, A. V. 1947, Anabiosis under permafrost conditions: Mikrobiologiia,
v. 16, no. 2, p. 121-125.

Kamenskii, G. N., 1947, Hydrogeological investigations of the sources of water
supply under permafrost conditions [Osobennosti gidrogeologicheskogo
issledovaniia istochnikov vodosnabzheniia v usloviiakh vechnoi merzloty],
chap. 6, p. 196-201 and p. 281-283, of Kamenskii, G. N., Poiski i razvedka
podzemnykh vod : Moscow-Leningrad, Gosgeolizdat, 313 p.

Prospect drilling for water in ground having negative temperatures is compli-
cated by freezing of the drilling tools in the hole; this problem can be eliminated
by using heated water, steam, and brine solutions during drilling. Systematic
measurement of temperatures should be made during drilling, either with slow-
recording or electric thermometers, in order to determine the depth of the lower
boundary of permafrost and the presence of talik, as shown by positive tempera-
tures. Test-pumping experiments are made to determine the efficiency and
reserves of ground-water reservoirs.

Of the various types of suprapermafrost water, that confined in thick alluvial
deposits which do not completely freeze in winter is of significance. Yield of
suprapermafrost waters is subject to fluctuation throughout the year, and the
maximum and minimum yield must be determined by research work. Determina-
tion of maximum production is made during the summer when thawing is at
its maximum ; pumping is done by using the “Tim method” (Thiem?) in con-
junction with calculations of the distribution of flow, or by practical exploration
methods of interaction of drill holes. In summer, it is important to consider in-
fluence of surface water on productivity of aquifers, especially those connected
hydraulically with rivers. Determination of minimum flow is made during the
maximum freezing period in late winter when the weak suprapermafrost supplies
freeze; even the better aquifers are reduced to a minimum. Test pumping in
this case must be prolonged 10 to 15 days, or even 1 to 2 months. Under these
conditions recharge of the aquifer is stopped and the reserves diminished. The
estimate of reserves should not be based solely on the natural distribution of flow,
but on the measure of temporary reserves that are recharged during the period
of summer thawing. Methods of test pumping of suprapermafrost waters for
productivity are the same as for artesian waters and shallow aquifers. Inves-
tigations are recommended of icings and hydrolaccoliths originating from subper-
mafrost and suprapermafrost waters. The flow of water that forms icings can
be determined by measurements of the volume of ice. Information on the
thickness of permafrost is given, and the increase in temperature is cited as
1°C per 100 m depth in permafrost regions.
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Mining operations are commonly facilitated by permafrost which maintains
stability. However, in the Amderma region, the mines are infiltrated by salt
water which has a temperature of —5°C near the surface. The permafrost
layer, about 400 m thick, has a temperature of —4.8°C at a depth of 215 m.
Comparison of chemical analyses of sea water and water from mines near the
coastline shows that salt water will penetrate permafrost layers and hamper
mining operations.—From unpublished partial translation by W. Korol-Perfiliew :
SIPRE U—4752, U-4753.

1949, Ground-water zones and soil geography [Zonal'nost gruntovykh vod i
pochvenno-geograficheskie zony] : Lab. gidrogeol. problem Trudy. v. 6, p. 5-21.

The effects of physiography on the phsyicochemical properties of ground water
are discussed, and investigations of the problem are reviewed. Four zones of
ground water are distinguished in the USSR. Ground temperature is the most
important infiuence on the chemistry and distribution of ground water. An
interrupted cycle of ground-water infiux and run-off is observed in zones of
permafrost. Mineralization of ground water in the permafrost zone increases
to the south. Seasonal interruption of ground water infiux and a lower winter
level of run-off without complete stoppage occur in zones of seasonal soil
freezing. ‘Soil and ground-water salinity is observed in warm climates, where
the processes of ground-water exchange continue throughout the year.—From
SIPRE 9031.

Kamenskii, G. N., Klimentov, P. P,, and Ovchinnikov, A. M., 1953, Hydrogeology
of the sites of mineral resources [Gidrogeologiia mestorozhdenii poleznykh
iskopaemykh] : Moscow, Gos. Izd., Geologicheskoi literatury, 355 p.

A monographic study of the hydrogeology of mining districts and oil and gas
fields; includes chapters on ground-water conditions in various types of terrain,
the composition of the ground waters associated with different types of mineral
deposits, and the role of ground waters in mineral exploration.—Geol. Soc.
America, Bibliography and Index of Geology Exclusive of North America, v.
20, p. 267.

Kamenskii, G. N., and others, 1938, Regimen of ground waters [Rezhim pod-
zemnykh vod]: Moscow-Leningrad, Glavnaia Pedak. Stroitel’. Lit., 192 p.,
111 figs.

A study of the regimen of ground waters, including discussion of theoretical
investigations, the infinence of meteorological factors, ground waters in coastal
regions, and artesian waters.—Geol. Soc. America, Bibliography and Index of
Geology Exclusive of North America, v.18, p. 137.

Kamenskii, G. N., Tolstikhina, M. M., and Tolstikhin, N. L, 1959, Hydrogeology
of the USSR [Gidrogeologiia SSSR]: Moscow, Gos. nauchn.-tekhn. Izd.,
Literatury po geologii i okhrane nedr, 336 p.

Kammerikh, A. O., 1958, Ice conditions in rivers [Ledovyi rezhim rek]: Priroda,
v. 47, no. 1, p. 128.
Solid freezing of rivers as well as congelation of ground water cause the
appearance of unusually large icings as thick as 5 m in northeastern Siberia.—
From SIPRE 16320.

Kapterev, P. N., 1936, Permafrost and its control [Vechnaia merzlota i bor’ba
s pei] : Nauka i Zhizn’, v. 3, no. 11, p. 30-35.

The formation of ground ice and river icings is analyzed and their effects
on structures are discussed.—From SIPRE 10113.
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Kapterev, P. N,, 1947, Anabiosis in permafrost [Anabiose im ewigen Eise] : Deut-
sche Gesundheitwesen, v. 2, p. 517.

Bacteria, algae, and larger marine organisms were revived after several
thousand years in frozen mud layers in eastern Siberia. The material was ob-
tained from depths to 41 m. The organisms did not differ from existing ones.
Possible revival of pathogenic micro-organisms in corpses buried in frozen
soil is suggested. Deep-soil thawing may cause ground-water pollution.

Karlstrom, T. N. V. See Hopkins, D. M., 1955.

Kats, N. IA,, 1937, Swamp types and their distribution over Buropean Russia
[Tipy bolot i ikh razmeshchenie na territorii Evropeiskoi chasti SSSR]:
Zemlevedenie, v. 39, p. 388-456.

Peat mounds as high as 34 m and 15 m or more in diameter contain
frozen ground and ice in the Sphagnum swamps. The mounds form under
hydrostatic pressure over permafrost strata, and the spaces between the
mounds thaw completely near the end of the summer.—From SIPRE 12227

Katz, F. J., 1910, Gold placers of the Mulchatna [Alaska]: U.S. Geol. Survey
Bull. 442-E, p. 201-202.
Bedrock on the Mulchatna River upstream from Koktalee has not been
prospected because of ground water in the deposits. Gravel deposits are 4
to 16 ft thick. Up to 1909 no permanent frost was reported.

Katz, F.J. See also Martin, G. C., 1912 ; Prindle, L. M., 1909.

Kellogg, C. E, and Nygard, L J.,, 1951, Exploratory study of the principal soil
groups of Alaska: U.S. Dept. Agriculture, Agr. Mon. 7, 138 p.

Permafrost restricts drainage of water into the soil, and as a result the
zone above the permafrost table is generally wet. During the freezing the
wet soil above permafrost may be subjected to pressure, and frost mounds
and blisters may form at the surface.

Kelsey, S. T., Jr., 1945, Naknek [Alaska] airport construction on Bering Sea:
Pacific Builder and Engineer, v. 51, no. 9, p. 60-62.

Predominant soil encountered was washed sand which lies on dense clay
and boulder hardpan. The only permanently frozen ground was north of the
north end of the north-south runway. Ground-water level was near the
clay hardpan, and as much as 7 ft of clay had to be removed below grade
where ground water was prevalent.

Kerédnen, J., 1923, On frozen ground in Finland [Uber den bodenfrost in Fin-
land] : Helsinki, 57 p.; Langnas A., 1950, English abstract of German text:
SIPRE files, 8 p.

Data are presented on average temperature and snow conditions from
1891-1920, the depth of frozen ground in 280 districts grouped according to
12 regions, the thawing of frozen ground, and sporadic permafrost. Perma-
frost phenomena in Lapland and southern Finland, and the effects of frozen
s0il on agricultural conditions are discussed.—From SIPRE U-3157.

Kerns, W. H. See Rutledge, F. A., 1953.

Keso, Lauri, 1941, Freezing of ground water [Maavesien jhitymisestii]: in
Maavesistd : Maataloustieteellinen Aikakauskirja. v. 13, p. 187-188.

The type of soil fineness of the soil grain, the amount and depth of the

ground water, and the rate of freezing of the ground water influence the forma-
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tion of various types of ice wedges. Water at a temperature of 0°C freezes
under the pressure of 1 kg per cm® Increasing pressure decreases the
freezing temperature of water until the freezing temperature reaches —22°C
under the pressure of 2115 kg per em® Further increase in the pressure in-
creases the freezing temperature until it reaches 0°C at about 1 atmosphere
of pressure and at lower temperature and increased pressure. Homogeneous,
massive ground ice originates in saturated, sandy soils where the ground water
reaches to the surface. Heterogeneous, striped layers of ice, the size of which
varies greatly, form in the saturated silt, clay, or silty clay soils.—From
SIPRE U-2429.

Khakimov, Kh. R., 1957, Calculating the effects of percolating water on the
freezing of sandy soils [Uchet vliianiia fil’'tratsionnogo potoka na promer-
zanie peskov]: Nauchn.-issled. inst. osnovanii i podzemnykh sooruzheni
Sbornik, v. 31, p. 33-56.

The effects of percolation speed on the freezing of sand are mathematically
analyzed taking into account the thermal characteristics of the sand and their
variations associated with ice formation. The accuracy of suggested methods
of evaluating the problem are discussed, and experimental data on artificial sand
freezing are used to determine the critical speed of water percolation in sandy
soils of various compositions.—From SIPRE 16732.

Khomentovskii, A. S., and others, 1935, Contributions to the question of salt
contents in springs and lakes of east Siberia: Glavnoe Geol.-Geod. Upra.,
Materialy geol. polez. iskop. Vostochnoi Sibiri, v. 6, 116 p.

Papers by A. 8. Khomentovskii, N. B. Makarov, B. N. Rozhkov, I. N. Gladtsin,
E. 8. Bobin, and N. I Tolstikhin,

Khomichevskaia, L. S, 1940, Hydrological conditions of the suprapermafrost
horizon in the upper Zei River region [Gidrologicheskie usloviia nadmerzlot-
nogo gorizonta v raione verkhnego techeniia r. Zei]: Akad. Nauk SSSR,
Kom. vechnoi merzlote Trudy, v. 9, p. 135-154.

Permafrost of the Zei region is an impervious zone at an average of 0.95 m
below the surface, which increases the amount of ground water in the supra-
permafrost layer. The suprapermafrost layer is often supersaturated through-
out the year. Marshy vegetation is present in the lowlands and along the slopes
of water divides. The water supply of the suprapermafrost layer is inadequate
for consumption because it freezes during the winter and frequently evaporates
during the short hot summers. Buildings foundations and roads may be dam-
aged or destroyed by the frost action of permafrost areas when the soil is
composed of clay, loam, and sand particles smaller than 0.55 mm in diameter.
Sandy soils having grain particles 0.5 mm or larger in size are adequate for
construction purposes when located along well-drained slopes—From SIPRE
U-1803.

1955. The concept of “active layer” in permanently frozen rock areas [O poniatti
“deiatel’'nyi sloi” v oblasti rasprostranenia mnogoletnemerzlykh gornykh
porod] : Akad. Nauk SSSR, Inst. Merzlotovedeniia, Materialy k osnovam
ucheniia o merzlykh zonakh zemnoi kory, v. 2, p. 45-51.

Ambiguities in the use of the term “active layer” are noted. The use of the
terms “seasonal freezing” and “thawing” is suggested. The active layer applies
to the ground layer affected by winter freezing or summer thawing and also to
those layers subject to annual variations in temperature. The term is sometimes
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applied to all strata located above the permafrost layer. Separate ferms are
recommended for all these processes and conditions.—From SIPRE 13731.

Kindle, E. M., 1920, Arrival and departure of winter conditions in the Mackenzie
River basin: Geog. Rev., v. 10, no. 6, p. 396.

A well at Fort Simpson at the confluence of the Liard and Mackenzie Rivers
encountered frozen ground from a depth of 5 £t to 40 £t.

Klimentov, P. P. See Kamengkii, 1953.

Kojinov, V. E,, 1935, Russian water supply system in areas where the ground
is perpetually frozen: Water Works Eng., v. 88, p. 1234-1237.

Permafrost and cold climate in nearly half of the Soviet Union cause the
following difficulties with water systems: (1) ground water is found in smaller
amounts than in temperate regions; (2) many rivers freeze to the bottom in
winter or are of unsuitable quality as a water supply; (3) water pipes laid in
frozen ground are subject to freezing; (4) water works buildings are subject to
differential settlement and heaving caused by thaw of permafrost and frost
action; (5) preheating is required before distributing the water. Water sources
above permafrost are generally undependable in late winter, but are locally
developed by stone wells or galleries. Artesian wells through permafrost tend
to freeze and often require warming by steam.

Kolesnikov, A. G., 1953, Temperature variations in a water reservoir during
winter [Khod temperatury vody v vodokhranilishche v zimnii period]:
Akad. Nauk SSSR Doklady, new ser., v. 92, p. 37-40.

The processes of thermal exchange between water and ground during the
period of ice cover formation and during winter are analyzed. The temperature
distribution in the ground may be calculated from data on water temperatures
in the summer and the time interval between maximum water temperature and
reservoir freezing.—From SIPRE 7028.

Kolesov, G. G., and Potapov, S. G., 1937, On permafrost [O vechnoi merzlote],
in Kolesov, G. G., and Potapov, S. G., Sovetskaia IAkutiia: Moscow, Gos.
Sotsialist.-Ekon. Izd., p. 36-38.

Yakut ASSR lies within the region of continuous permafrost. The areas
along the rivers are dotted with surface icings or naledi. The Nakharansk naled,
3—4 m thick, covers an area of about 100 sq km. A total of 117 maledi developed
along a 728-km stretch of the Amur-Iakutsk railroad during the winter of 1927-
28; some were serious enough to disrupt traffic—From SIPRE U-3583.

Koloskov, P. 1., 1932, An attempt at classification of the objects of the eryosphere
[Opyt Kklassifikatsii obiektov kriosfery]: Akad. Nauk SSSR, Kom. izuch.
vechnoi merzloty Trudy, v. 1, p. 51-54.

The cryosphere is divided into (1) permafrost of the soil, (2) permafrost
of the high mountain regions, and (3) permafrost of sea waters. Maintenance
of a temperature of 0°C or less for at least 2 yr or more is a common characteris-
tic of all three types. Further scientific classification is given, and the estab-
lishment of a uniform nomenclature for permafrost is suggested.

1937, Natural conditions of water vapor condensation in the ground (Priordnye
usloviia vnutripochvennoi kondensatsii atmosfernykh parov) : Promlemy fiz.
geografii, v. p. 169-202.

Vapor condensation in the ground under various temperature and cover con-

ditions, particularly in permafrost zones, was investigated, and theories explain-
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ing the development of the process are discussed. Recent data on distribution
of temperature and water vapor near the ground, within the vegetation cover,
and in the upper soil layers are inadequate, and further investigations are
required. Intense condensation of water vapor in the ground was observed
in areas of permafrost and deep seasonal freezing where there was low mois-
ture content near the surface in summer due to moisture migration to the
frozen strata. Water condensed in the active layer could not penetrate deeply
because the frozen layers were impervious to water—From SIPRE 14171,

Kolosov, D. M., 1938a, Geomorphological sketch of the western part of the
Verkhoyansk region [Geomorfologicheskii ocherk zapadnogo Verkhoian’ia]:
Vses. inst. mineral’n. Syr’ia Trudy, v. 116, p. 75-99.

Soil structure and relief in the western Verkhoyansk area depend greatly
on the severe climate and on permafrost, which occurs everywhere at depths
ranging from 0.8 m in foothills to 0.2-0.3 m on the main divide. Permafrost
limits vegetation and causes intense water vapor condensation in the cold supra-
permafrost ground. Frozen strata impervious to water produce swamping over
large areas. Deep-soil freezing and solidly frozen rivers are among the require-
ments for formation of river and ground naleds, which cover up to 20 percent
of several river valleys and cause intense erosion of riverbanks.—From SIPRE
14370, |

1938b, Icings (mnaledi) and geomorphological processes [O nalednykh iav-
leniiakh kak geomorfologicheskom protsesse]: Problemy fiz. geografii, v. 6,
p. 125-134.

The geomorphological factors in naled formation in northeastern Siberia are
discussed. Regularities in the occurrence of naleds in the same location are
explained by a close relationship between naled formation and the valley struc-
ture. Strong erosive forces at the edge of the naleds are due to temperature
changes. Canyons and tunnels formed in naleds during the summer melting
period gradually deform river beds. The gradual development of icing valley
sections is schematically illustrated.—From SIPRE 7532.

Koridalin, E. A, 1934, The possibility of applying seismic investigations to the
study of permafrost [O vozmozhnosti primeneniia seismichegkikh issledo-
vanii k izucheniiu vechnoi merzloty]: Akad. Nauk SSSR, Kom. izuch.
vechnoi merzloty Trudy, v. 3, p. 13-19.

Seismic methods, analogous to those used in geologic research, were attempted
in the study of subterranean relief and the geologic structure of permafrost
because these procedures were cheaper and quicker than drilling. It was as-
sumed fthat permafrost would offer no particular difficulties in seismic investiga-
tion. Indications are, however, that more knowledge is needed for studying
permafrost soils consisting of many layers. It is possible that the theory of
auto vibrations of the layers and that of stationary waves could be applied. A
brief theoretical background and description of the apparatus are given.—From
SIPRE U-384.

Korol, Nestor, 1955, Agriculture in the zone of perpetual frost: Science, v. 122,
no. 3172, p. 680-682.

The presence of impermeable frozen ground at depth tends to oversaturate
the soil; uneven freezing of such soils may cause bulgunniakhs (icing mounds)
as high as several meters. Shallow rivers and lakes freeze to the bottom. Where
large amounts of deep ground water reach the surface immense ice fields, mounds,
and hills are formed, covering hundreds of square km.

786—-894—65——=8
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Kosmachev, K. P,, 1953, Pingos (Bulgunniakhi): Priroda, v. 42, no. 11, p. 111-
112, [Privately translated by Terence Armstrong, Scott Polar Research
Inst., Cambridge, England.]

The large icing mounds of Yakutia are described and their origin is dis-
cussed. A hypothesis of archaeologists that the mounds were ancient tombs
stimulated investigations of their structure. “Bulgunniakh” is a name widely
used in northeastern Siberia for large icing mounds, which reach 40 m or more
in diameter and 20-30 m in height in Yakutia. These mounds occur in clay
and sand loam, and are associated with permafrost. Hydraulic pressure in-
duced by ground-water freezing causes frost heaving of the ground, an initial
stage of icing-mound formation. Bulgunniakhs in Yakutia are thought to be
many centuries old.—From SIPRE 11742.

Kozin, K. P., 1936, Hlectrical prospecting in regions with permanently frozen
ground : Biull. neftianoi geofiziki 3, p. 31-43, Moscow.

The problem of applying the resistivity and natural current measurements
in permanently frozen ground fis discussed. Laboratory experiments revealed
tha't rocks affected by permanent freezing still possessed electrical conductivity.
Explanation of this phenomenon as well as that of generation of electrodynamic
forces in the areas on which a degree of freezing is observed are given. The con-
clusion is drawn that both the above-mentioned methods may be successfully
applied 'to the solution of some problems connected with hydrogeology, engineer-
ing, and economiec geology.—Author’s abstract, in U.S. Geol. Survey Bull. 909,
Geophys. Abs. 4508, p. 129, 1938.

Koz’min, N. M., 1892, Permafrost in several areas of eastern Siberia [O iavel-
eniiakh vechnoi merzloty v nekotorykh miestmostiakh Vostochnoi Sibiri]:
Irkutsk, Vostochno-Sibirskogo Otdel. Russkogo geog. obshch. Izv., v. 23,
no. 45, p. 46-72.

Continuous, island-type, and layered permafrost distribution observed in the
area show ‘that permafrost formation depends largely on annual air tem-
peratures and the intensity of precipitation. An increase in springs and
ground-water circulation also are unfavorable for permafrost.—From SIPRE
14492,

Kriuchkov, V. V., 1958, The hydrothermal regime of soils in the Khiiny Moun-
tains [K voprosu o gidrotermicheskom rezhime gruntov Khibinskogo gornogo
massiva] : Inf. sbornik o rabotakh geog. fak. Moskovskii Gos. Univ. po
mezhdunarod. Geofiz. Godu 1, p. 185-205.

The results of daily measurements of the temperature and moisture content
of mountain soils at 370-904 m elevation as related to relief, exposure, and
weather conditions are reported, and data are tabulated and graphed. Tem-
perature measurements were made at depths from 20 to 240 cm by means of Hg
thermometers, and soil moisture was determined using the method developed by
Gromov, which is based on the speed of cooling of water poured into a vessel
buried in the soil. The warmest soils were found at the bottom of valleys and
south slopes; the coldest on north slopes. The minimum temperature under
snow at the bottom of valleys did not fall below —2° to —2.5°C and was recorded
in November, remaining nearly constant from December to February or showing
a tendency to increase with snow-covered thickness due to the heat reserves in
the lower soil layers. 'Soil moisture depended primarily on relief and wind,
precipitation amounts being equal. The least soil moisture was recorded on the
top of slopes and plateaus; the most, at the bottom of valleys. The water col-
lecting in the lower portions of slopes sometimes froze to form ice layers 60-80



ANNOTATED BIBLIOGRAPHY 111

cm thick, Soils were much dryer in the fall-winter season than in early spring
and summer.—From SIPRE 17023.

Kruglikov, N. M,, 1959, Hydrogeologic conditions of the Berezovo district [Gidro-
geolicheskie usloviia Berezovskogo raiona], Leningrad Vses. neft, nauchn.-
issled. geol. inst., Geologiia i neftenosnost’ Zap. * * * 1959, p. 296-311.

A study of ground water and gas carried out since 1954 in the search for oil
and gas.—From Arctic Bibliography 59438.

Krylova, E. K,, 1960, Graphical methods of representing permafrost character-
istics [Metody graficheskogo otobrazheniia kharakteristik tolshch merzlykh
gornykh porod]: Akad. Nauk SSSR, Inst. Merzlotovedeniia im. V. A.
Obrucheva Trudy, v. 16, p. 160-171.

Methods of depicting ground-water conditions in permafrost regions are given.

Krynine, D. P, and Judd, W. R., 1957, Principles of engineering geology and
geotechnics : New York-London-Toronto, McGraw-Hill, 730 p.

Ground water above permafrost in summer may be a limited source of supply,
but because of its shallowness, it is subject to contamination and commonly dis-
appears in winter., If the active layer is in impervious materials, ground water
trapped between the active zone and permafrost may move horizontally to con-
tribute to formation of hydrolaccoliths, or it may form a conduit through the
active zone or appear in thawed zones beneath heated buildings or along streams
and abandoned stream channels.

Water within permafrost occurs in alluvium near rivers, abandoned river
channels, or in thawed gravel beds, and even in thawed areas between masses of
permafrost, near standing water, on south-facing hillsides, and where vegeta-
tion has been stripped.

Water below permafrost occurs in large quantities and generally satisfies sani-
tary requirements ; it is located in alluvium beneath permafrost and in joints and
other space in bedrock. In hilly regions water under permafrost may be under
high pressure and flowing wells may result.

Icings formed at points of ground-water emergence upslope from places where
deep freezing has taken place can be controlled by construction of frost belts at
some distance upslope from the road or other structure. Icings may be con-
trolled also by ice fences and heating.

Kudriavtsev, V. A, 1947, Determination of the lower boundary of permafrost
[Ob opredelenii nizhnei granitsy vechnoi merzloty]: Akad. Nauk SSSR,
Merzlotovedenie, v. 2, no. 1, p. 44-47.

With increase in deep prospect drilling for minerals in permafrost regions,
a method is required for determining the lower boundary of permafrost. Use
of drilling fluids causes disturbance in natural thermal regime of drill hole,
and a 1-to 2-month or longer waiting period is required before any thermal
data can be recorded. In 1943-44, P. A. Solov’ev measured the temperatures in
Yakutsk water well 2, and kept up the measurements for a year. From these
data it was concluded that the temperature of the entire hole was positive. How-
ever, the temperatures were highest in the upper part of the hole and gradually
decreased with depth. The thermal minimum in the hole corresponds to the
base of permafrost. Similar information was obtained from water wells at
Vorkuta and Yakutsk well 1.

After drilling, the temperature of the hole is approximately the same as the
drilling solution and a thawed area in the shape of an inverted cone is formed
around the hole because the drilling solution circulated longer at the upper part
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of the hole than in the lower part. According to the theory of thermal con-
ductivity, the quantity of heat circulation through a known cross-sectional area
is directly proportional to the thermal gradient. In this case, the thermal gra-
dient, exists along the walls of the drill hole; the natural thermal gradient must
be restored after drilling. Initial temperature immediately after drilling is
the same throughout the hole, but as the natural thermal gradient is restored, the
thawed area around the hole will shrink gradually, starting at the lower limit
of permafrost. A short time after completion of the drilling, temperatures in
permafrost will correspond to the thermal gradient of the depth of the hole,
expressed as the slope of a straight line showing decrease in temperature from
upper to lower limit of permafrost. In the thawed layer under permafrost, the
thermal gradient will be equal to the difference of the temperature of the drill-
ing solution and the natural temperature of the thawed layer divided by the
radius of increage of warming temperature from the lower limit of permafrost
downward. Therefore, the thermal gradient of the wall of the drill hole toward
the center of the drill hole will be a maximum at the lower limit of permafrost,
then begin to decrease. Thus, the rate at which the natural thermal regime is
established will be a maximum at the lower limit of permafrost and will
decrease in the depth of the hole.

The temperature profiles made on January 26, April 12, May 19, and July
T are plotted for Yakutsk water well 2, and the lower limit of permafrost near
215 m is reflected by a change in slope of the thermal gradient curves for each
date. Thus, use of this method may eliminate the need to wait for reestablish-
ment of the natural thermal gradient of the hole before determining the lower
limit of permafrost.

Kuenen, P. H, 1955, Realms of water: New York, John Wiley & Sons, 327 p.

Freezing of ground water takes place in any climate subject to frost, but
where the mean temperature is below 0°C, the winter frost penetrates to a depth
beyond reach of summer thaw, and the cumulative effect of this process is perma-
frost. Heat flow of the earth tends to offset the downward penetration of frost.
Permafrost forms an impermeable layer which commonly results in artesian
conditions that sometimes form ice mounds in winter where springs oceurred in
summer. Impermeability of permafrost to melt water and precipitation satu-
rates the ground surface and leads to such processes as golifluction, ete. Ice
wedges are formed near the surface by cracking of the ground as it contracts
during cold weather; the cracks fill with snow which turns to ice, and the
cracks widen still more each year and become filled with ice until ice wedges are
formed.

Lachenbruch, A, H., 1956, Effect of the ocean on permafrost temperatures
Geol. Soc. America Bull., v. 67, no. 12, pt. 2, p. 1714,

In high latitude regions the large difference between the mean annual tem-
perature of the surface of the ground and that in the unfrozen bottom sedi-
ments beneath bodies of water has a marked effect on ground temperatures to
depth of several hundred feet. The effect is of particular interest near the
edge of the ocean where it depends upon the magnitude of the temperature dif-
ferences between the land surface and ocean bottom, the thermal properties and
moisture content of the sediments, and past changes in climate and shoreline
configuration. Theoretical congiderations suggest that, except where there are
transgressing shorelines, permafrost at depths greater than about 100 £t beneath
the ocean bottom is not to b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>